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HAVING per used J xvith,some attention^ the following 

Treatise on Surveyings in Manuscript^ it appears to me 

to be estimable for its simplicity and perspicuity ; qndy by 

excluding all matter but remotely connected with the main 

subject s and reducing the Tables of Logarithms, oj Log^ 

airthmic Sines ^ Tangents and Secants , and of Difference 

of Latitude and Departure, without imparing their use, 

in their application to most cases which occur in common 

Surveying, and supplying any possible defect by a Table 

of Natural Sines, to comprise, in the limits of a pocket 

Volume, whatever is most essential and most useful in 

the Art, including the important modem improvement of 

Rectangular Surveying; and on the whole, par ^ 

ttculdrly from the size of the volume y to be well adapted 

to general use. 

JOHN TREADJVELL. 

Farmington, September 20thy 1804^ 




RECOMMENDATIONS. 



daTVeati^^ 



J^E the subscnbers have careXuUy perused a 
on Surveying, prepared for the Press by the Jtev. Abet 
Flint ofHartJord ; andjind it worthy of the public pat- 
ronage. Every thing not immediately necessary for the 
practical Surveyor has been excluded ; while it comprises 
till which is requisite in Field Surveying, both on the old 
andnewplan; elucidated and explained with a degree of 
conciseness and perspicuity not usually to be found in 
Treatises on the same subject. The Mathematical Ta- 
bles are reduced \o less than half the size occupied by 
others; and any inconvenience wliieh might result Jrom 
such reduction is obviated by the insertion of a Table of 
Natural Sines, not usually found in works of this rtature. 

The Surveyor who shall own this will not be under the. 

necessity of purchasing Gis&ON which is a more t 
pensive viork. 

ASHER MILLER, Surveyor Genen 
GEORGE GILLET, Deputy Surve 
for Tolland County. 

MiDDLETOWN, October 3d, 1804. 



The following work is chiefly a compilation from 
other Books ; and but very little new is addt.'d except 
a more full explanation, than has yet been published, of 
Rectangular Surveying, or the method of calcu- 
lating the Area of Fields arithmetically, without draw- 
ing a plot of them and measuring with a Scale and Di- 
viders, as has been the common practice ; and also a 
more particular explanation of the use of Natural Sines 
than is contained in most Mathematical Books. 

The Compiler has endeavoured to render this work 
60 easy and intelligible that a Learner will require but 
little assistance from an Insti'uctor, except with regard 
to the construction and use of Mathematical and Sur- 
veying instruments. Before, however, he enters on 
the study of this Book he must be well acquainted with 
common Arithmetic, with Decimal Fractions and the 
Square Root ; and he must also know the various char- 
acters or marks used in Arithmetic, 

A Surveyor will doubtless find many questions arise 
in the course of his practice, for the solution of wliich 
no particular directions are here given ; nor is it possi- 
ble to give directions for every case that may occur. 
In all practical Sciences much must be left to the judg- 
ment of the practhioner, who, if he is well acquainted 
with the general principles of his Art, will readily learn 
to apply those principles to particular cases. 

The primary design of this treatise is to teach com- 
[ftpn Field Surveying ; at the same lirae Jt contains the 
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elements of Surveying upon a larger scale ; and 
system of Geomclry atid Trigonometry with which 
is introduced, with tiic Problems for the mensuration 
of Superficies, as also the Mathematical Tables at the 
end, will be found useful for many other purposes. It 
would be well, tlicrefore, for those who do not intend 
to become practical Surveyors to acciuaiiit themsel 
with wlut is here taught; and widi this view the 
lowing work is very proper to be introduced into Ai 
emies, and those higher Schools which are de&ii 
to fit young men for active business in life. Indi 
every person who frequently buys and sells land shot 
leam to calculate the Contents of a Field arithmetical] 
a knowledge which may be acquired in a very lit 
time, from tiie particular explanation here given of 
method. 

Nothwithstanding the many Books already publishi 
on the subjects here treated upon, it was thought a work 
of this kind was really wanted, and that if judiciously 
executed it would be useful. It is more particularly 
necessary at the present time in Connecticut, as the 
Legislature of the State have lately enacted a Law on 
the subject of Surveying, in consequence of which 
more attention must be paid to the Theory of that Art 
llian has been common. 

These considerations induced the Compiler to seh 
from various publications what appeared to him ii 
portant ; and to arrange the whole in a method best 
adapted, in his view, for teaching that useful Art. 
flow far he has succeeded in his endeavours to simplify 
the subject, and render it easy to the Learner, must be 
submitted to the test of experience. 

Rfl, (Con.) October, 1804. 
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TA General View of the Contents of this Work. 

^ THE System of Geometry is divided into tii'o parts. 
The first contains. Geometrical Definitions respecting- 
Lines, Angles, Superficies, &c. The second part con- 
tains a number of Geometrical Problems necessary for 
Trigonometry and Surveying. 

The System of Trigonometry is also divided into 
tivo parts : and teaches the solution of Questions in 
Right and Oblique angled Trigonometry, by. Loga- 
rithms and also by Natural Sines. 

The Treatise on Surveying is divided into three 
parts. Part first treats of measuring Land, and is di- 
vided into three Sections. The first contains several 
Problems respecting Mensuration, and for finding die 
Area of various Right-lined Figures and Circles. 

Tlie second Section teaches dificrent metliods of 
taking the Survey of fields ; also to protract them, 
and find their Area in the manner commonly practised, 

1 liltewise by Arithmetical and Trigonometrical cal- 

lations, without measuring Diagonals and Perpen- 
[culars with a Scale and Dividers ; interspersed with 

indry useful rules and directicns." 

The third Section is a particular explanation and 
demonstration of Rectajigular Surveying, or die meth- 
od of computing the Area of Fields from the Field 
Notes, by Mathematical Tables, without the necessity 
of plotting the Field. To this Section is added a use- 
ful Problem for ascertaining tlie true Area of a Field 
■which has bten measured by a Chain too long or too 
«bort. 
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EOMETRY is a Science which treats of the 
properties of Magnitude* 

PART I. 



Geometrical Definitions. 

L A Point is a small Dot ; or, Mathematically con* 
sidered, is that which has no parts, being of itself 
indivisible. 

2. A Line has length but no breadth. 

3. A Superficies or Surface, called also Area, has 
length and breadth, but no thickness. 

4. A Solid has length, breadth and thickness. 

5. A Right Line is the shortest that can be drawn 
between two Points. 

6. The inclination of two Lines meeting one an- 
other, or the opening between them, is called an Angle. 
Thus at B. Plate I. Figure 1. is an Angle, formed 
by the meeting of the Lines AB and BC. 

7. If a Right Limj CD. Fig. 2. fall upon another 
Right Line AB, so as to incline to neither side, but 
make the Angles on each side equal, then those Angles 
are called Right Angles ; and the Line CD is said to 
be Perpendicular to the other Line. 

8. An Obtuse Angle is greater than a Right Angle; 
as ADE. Fig. 3. 

B 



ro GEOMETRY. 

9. An Acute Angle is less than a Right Angle m 
EDB. i-V- 3. 

Note. When three letters are used to express-^. 
Angle, the middle letter denotes the angular Poiil 

10. A Circle Is a round Figure, bounded by a Line 
equuily diT-tant from some Point, which Is called the 
Centre. Fig. 4. 

11. The Circumference or Periphery of a Circle is 
the bounding Line ; as ADEB. Fig. 4. 

12. The Rudius of a Circle is a Line drawn from 
the Centre to the Circumference ; as CB. Fig. 4. 
Therefore all Radii of the same Circle are equal. 

13. The Diiunetcrof aCircleisa Right Line drawn 
from one side of the Circumference to the other, pass- 
ing through the Centre ; and it divides the Circle into 
two equal pacts, called Semicircles ; as AB or DE. 
Fig. 5. 

14. The Circumference of every Circle is suppos- 
(il to be divided into 360 equal parts called Degrees ;, 
and each Degree into 60 equal parts, cjilled Minutes ; 
and each Minute into 60 equal parts, called Seconds \. 
and these into Thirds, &;c. 

Note. Since all Circles are divided into tlie same 
number of Degrees, a Degree is not to be ac- 
counted a quantity of any determinate length, as 
so many inches or Feet, gtc. but is always to be 
reckoned as being the 360th part of the Circum- 
ference of any Circle, without regarding the big- 
ness of the Circle. 

15. . An Arch or Arc of a Circle is any part of the- 
Circumference; as BE or FD, Fig.5;nnA is saidta 
be an Arch of so many Dc^ees as it contains parts of 
360 into which the whole Circle is divided. 

16. A Chord is a Right Line drawn from one end 
of an Archto the other, andis the measure of the Arch; 
as HG is the Ciford of the Arch HIG. Fig. 6. 

Note. The Chord of an Arch of GO degrees is equal 
-jjj length to the Radius of the Circle of which the 
Arfeli is a part. 
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17. The Segment of a Circle is a part of a Circle, 
cut off by a Chord ; thus the space comprehended be- 
tween the Arch HIG and the Chord HG is called a 
Segment. Fig. 6. 

18. A Quadrant is one quarter of a Circle ; as ACB. 
Fig. 6. 

19. A Sector of a Circle isa space contained between 
two Radii and an Arch less than a Semicircle ; as BCD 
or ACD. Fig. 6. 

20. The Sine of an Arch is a Line drawn from one 
end of the Arch, perpendicular to the Radius or Diam- 
eter drawn through the other end : Or, it is half the 
Chord of double the Arch; tlms HL is the Sine of 
the Arch HB. Fjg. 7. 

21. The Sines on the same Diameter increase in 
length till they come to >he Centre, and so become the 
Radius. Hence it is plain that the Radius CD Fig. 7. 
is the greatest possible Sine, or Sine of 90 Degrees. 

22. The Versed Sine of an Arch is that jiart of the 
Diameter or Radius which is between die Sine and thfe 
Circumference ; thus LB is the Versed Sine of the 
ArchHB. Fig 7. 

23. The Tangent of an Arch is a Right Line touch- 
ing the Circumference, and drawn perpendicular to the 
Diameter ; and is terminated by a Line drawii from the 
Centre through the other end of the Arch ; ihusBK is 
«hc Tangentof the Arch BH. F7g. 7. 

Nate. The Tangent of an Arch of 4* Degrees is 

» equal in length to the Radius of the Circle of which 
the Arch is a part. 
24. The Secant of an Arch is a Line drawn fromtiie 
Centre through one end of the Arch till it meets the 
Tangent ; tlms CK is the Secant of tlie Arch BH. 
Fig. 1. 

25. The Complement of an Arch is what the Arch 
wants of 90 Degrees, or a Quadiant ; thus HD is the 
Complement of tlje Arcli BH. Fig. 7. 

26. The Supplement of an Arch is what the Arch 
wants of 180 Degrees, or a Semicircle ; thus ADH is 

Rhe Supplement of the Arch BH. Fig. 7. 
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'27. The Sine, Tangent or Secant of the Compj 
meiit of any Arch is called the £!o.Sinc, Co-Tangtiil 
Co-Secuiit of the Arch i thus FH is the Sine, DI 
Tangent and CI the Secant of the Arch DH ; or t] _ 
are the Co-Sine, Co-Tangent and Co-Secant of the 
Arch BH. Fig. 7. 

28. Themeasureofan Angleisthc Archof a Circle 
contained bttween the two Lines which form the Angle, 
the angular Point being tlie Centre ; thus the Angle 
HCB. Fig. 7. is measured by the Arch BH ; and is 
said to contain so many Degrees as llic Arch does. 

J^ote. An Angle is esteemed greater or less accords 
ing to the opening of the Lines which form it, or 
as the Arch intercepted by those Lines contains 
more or fewer Degrees. Hence it may be observ- 
ed, that tlie bigness of an Angle does not depend 
at all upon the length of the including Lints ; for 
all Arches described on the same Point, and inter- 
cepted by the same Right Lines, contain esacdy 
the same number of Degrees, whether the Radius 
be longer or shoiter. 

29. The Sine, Tangent or Secant of an Arch is 
also the Sine, Tangent or Secant of the Angle whose 
measure the Arch is. 

30. Parallel Lines are such as are equally distant 
from each other ; as AB and CD. Fig. 8. 

3L A Triringle is a Figure bounded by three Lines ; 
as ABC. /■//. 9. 

32. An Equilateral Triangle has its three sides equal 
in length to' each other. Fig. 9. 

33. An Isoceles Triangle has two of its sides equal, 
and the other longer or shorter. Fig. 10. 

34. A Scalene Triangle has three unequal Sides. 
Fig. 11. 

35 A Right Angled Triangle has one Right Angle, 
Fig. 12. 

36. An Obtuse Angled Triangle has one Obtuse 
Angle. Fig. 13 . ■" 

37. Ail Acute Angled Triangle has all i 
^Cttte. Fig. 9, or 10. 
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38. Acute and Obtuse Angled Triangles are called 
Oblique Angled Triangles, or simply Oblique Trian- 
gles ; in all which the bottom Side is generally called 
the Base and the other two, Legs. 

39. In a Right Angled Triangle the longest Side is 
called the Hypothenuse, and the other two, Legs, or 
Base and Perpendicular. 

Note. The three Angles of every Triangle being 
added together will amount to 180 Degrees ; con- 
sequently the two Acute Angles of a Right Angled 
Triangle amount to 90 Degrees, the Right Angle 
being also 90. 

40. The perpendicular height of a Triangle is a 
Line drawn from one of the Angles to its opposite 
Side ; thus the dotted Line AD. Fig. 14. is the per- 
pendicular height of the Triangle ABC. 

Note. This Perpendicular may be drawn from either 
of the Angles ; and whether it falls within the 
Triangle, or on one of the Lin'es continued be* 
yond the Triangle, is immaterial. 

41. A Square is a Figure bounded by four equal 
Sides, and containing four Right Angles. Fig. 15. 

42. A Parallelogram, or Oblong Square, is a Figure 
bounded by four Sides, the opposite ones being equal 
and the Angles Right. Fig. 16. 

43. A Rhombus is a Figure bounded by four equal 
Sides, but has its Angles Oblique. Fig. 17. 

44. A Rhomboides is a Figure bounded by four 
Sides, the opposite ones 'being equal, but the Angles 
Oblique. Fig. 18. 

45. The perpendicular height of a Rhombus or 
Rhomboides is a Line drawn from one of the Angles 
to its opposite Side ; thus the dotted Lines A B. Fig. 
17. 2indi Fig. 18. represent the perpendicular height of 
the Rhombus and Rhomboides. 

46. A Trapezoid is a Figure bounded by four Sides, 
twoof which are parallel though of unequal lengths. 
Fig' 19. and Fig. 20. 

Note. Fig. 19. is sometimes called a Right Angled 
Trapezium. 
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47. A Trapezium Is a Figure bounded by four-l 
equal Sides. Fig. 21. 

48. A Diagonal is a Line drawn between two a 
site Angles; as the Line AB. Fig. 2L 

49. Figures which consist of more than four S 
are called Polygons ; if the Sides are equal to i 
ether they are called regular Polygons, and are sc 
times named from the number of their Sides, as Pei 
gon or Hexagon, a Figure of five or six Sides, &c J 
the Sides are unequal they are called irregular Pq 
gons. 



Geometrical Problems. 

PROBLEM I. To draw a Line parallel to another 
lAne at any given distance ; asat the Point D, to make 
a Line, parallel to the Line AB. Plate 1. Fig .22. 

With the Dividers take the nearest distance between 
the Point D and the given Line AB ; with that dis- 
tance set one foot of the Dividers any where on tlie 
Line AB, as at E, and draw the Arch C ; through I, 
the PointD draw a Line so as just to touch the top of ' 
tlie Arch C, 

A more convenient way to draw parallel Lines is 
witli a parallel Rule. 

PROBLEM IL To bisect a given Line : or to find 
the middle of it. Fig. 23. 

Open the Dividers to any convenient distance, more 
than half the given Line AB, and with one foot in A 
describe an Arch above and below the Line, as at C 
anc! D ; with the same distance, and one foot in B des- 
cribe Arches to crossthc former ; lay a Rule from C lo 
D, and where the Rule croses the Line, as at E, will 

l(it the middle. 
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^■PROBLEM III. To erect a Perpendicular Ji-om the 

end, or airy part of a given Line. Fig. 24. 

Open the Dividers lo any convenient distance, as 
from D to A, and with one foot on the Point D, from 
which the Perpendicular is to be erected, describe an 
Arch, as AEG; set off tlie same distance from A to E 
and from E to G ; upon E and G describe two A rches 
to intersect each other at H ; draw a Line from H to D, 
and one Line will be perjiendicular to the other, 

A'ote. There are other methods of erecting a Per- 
pendicular, but this is the most simple. 

PROBLEM IV. From a given Point, as at C, to 
drop a Perpendicular on a given Line AB. Fig. 25. 

With one foot of the Dividers in C describe an 
Arch to cut the given Line in two places, as at F and G; 
opon F and G describe two Arches to intersect each 
other below the Line as at D ; lay a Rule from<;; to D 
and draw a Line from C to the given Line. 

Perpendiculars may be more readily raised and let 
fall, by a small Square made of Brass, Ivory or Wood. 

PROBLEM V. To make an Angle at E, equal to 
a given Angle ABC. Fig, 26. 

Open the Dividers to any convenient distance, and 
with one foot in B describe the Arch FG ; with the 
same distance and one loot in E, describe an Arch 
from H ; measure the Arch FG, and lay oiF the same 
distance on the Arch from H to I ; draw a Line through 
I to E, and the Angles will be equal. 

PROBLEM VI. To make an Acute Angle equal 
to a given nupilier oj" Degrees, suppose SG. Fig. 27. 

Draw the Line AB to any convenient length ; from 
a Scale of Chords take 60 I^grecs with the Dividers, 
and with one foot In B descacfe an Arch from the Line 
AB ; from the same Scale take the given number of 
Degrees, 36, and lay it on the Arch from C to D ; 
draw a Line from B through D, and the Angle at B 
;ill be an Angle of 36 Degrees, 
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Suppose the side BC 98 ; the Angle at B 45* 
the Ani);le al D 108° 30', consequently the other ; 
^Ic 26° 15'. 

Draw the side BC in length 98 ; on tlie Poiil 
make an AngleTf 45' 15' ; on the Point C makd 
Angle of 2G° 15', and diaw the Lines BD nnd CDJ 



PROBLEM Xrv. To hake 



Obliqut 



Triangle, tivo SUles ami eui Ajigle opposite to one qj 
being given. Fig. 35. 

Suppose thi- Side BC 160, the Side BD 79, and! 

Angle at C 29' t*. " 

Draw the Side BC in length 160 ; at C make an i 



gle of 29" E', and dr; 



throuM 



draw an nideninte ] 
where the Degrees cut the Arch ; take 79 in the 0i. 
viders, and with one fcot in B lay the other on the Line 
CD ; the point D will be the other Ajigle of the Tri- 
angle. 

PROBLEM XV. To makean OOliquAfngkd Tri- 
angle, two Sides and their contained Angle being given. 
F,g. 36. 

Suppose the Side BC 109, the Side BD 76v and the 
Angle at B 10i° 30'; 

Draw the Side BC in length 109 ; at B make aa 
Angle of 101" 30', and draw the Side BD in length 76 ; 
draw a Line from Dto C and it is done, 



To make a Squ^fe. Platb 



PROBLEM XVI. 
II. Fig. 37. 

Draw the Line AB the length of the proposed 
Square ;■ from B erect a Perpendicular to C and make 
it of the same length as AB ; from A and C, with the - 
same distance in the Dividers, describe Arches inter- 
secting each other at D, and draw the Lines AD and 
DC. 

. PROBLEM XVn. To make a Paralklogranu, 
Fig. 

Draw the Line AB equal to the longest Side of the 
Parallelogram ; on B erect a Perpendicular the length 
tf the shortest side tg C ; from C, witli the longest Siller 




J 



and CD. ^ 

PROBLEM XVHL Ti 
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first Term, the Remainder will be the Log. o£ I 
fourth Tenii, which seek in the Tables and find i 
responding Number or Dtgrcesand Minutes. 

See the Introduction to the Table ot Logaritl 
which should be attentively studied by the " 
fore he proceeds any further. 

Note. The Logarithm for Radius is always 10, ' 
is the Logarithmic Sine of 90", and the I 
rithmic Tangent of 45'. 

The preceding Propositions and Rules 
duly attended to, the solution of the following ' 
of Mectangutar Trigonometry will be easy. 



CASE L 

The Ajtgles and Hypotfienuse given tojind the j 
Fig. 39. 

In the Triangle ABC, given the Hypothenuse J 
25 Rods or Chains ; the Angle at A 35" 30', an4 < 
sequently the Angle at C 54° 30' : to find the Leg! 

Making the Hypothenuse Radius, the Proport 
will be ; 

To fnd the Leg AB. To Jind the Leg BC. 

As Radius - - 10.00900 - - ■ 
: Hyp. AC. 2s • 1.19794 
! : Sine ACB, 54* 30' 9.91069 



: Leg AB, 20.35 



. Radius - - - 10.00009 
Hyp. AC, 25 - - 1.39794 
: bine CAB, 33" 30* 9.76395 



: Leg; BC, U. S3 



JVofe When the first 1 erm is Radius, it may be 
Subtracted by cancelling the first figure of the 
Sum of the other two Terms. 

Making the Leg AB Radius, the Proportions will be: 



To find the Leg AB. 
As Secant CAB, 35» SC 
Hyp. AC, 25 
: Radius 
Leg AB, 20. SS 



To find the Leg BC. 
As Secant CAB, 35-30' 
Hyp. AC, 25 
: Tangent CAB,35'30' 
Leg BC, 14. 52 
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Making the Leg BC Radius, tlie Prwportioiw will 



■« Secant ABC, 54° 30' 
Hvp. AC, 25 
ttangem ACB, 54° 3C' 



teg 



AB, 20.35 



To firul llx Leg'S.C. 
As Secant ACB, 54" 3C 
Hvp. AC, 25 
: Rjdius 
Leg. BC, 14.52 
The Logarithms of the four last Proportions being 
looked out, and added and subtracted according to the 
Rule, the result will be found to be the same as the two 
first Proportions. 



By Natural Sines. 

This Case may be solved by Natural Sines,* ac- 
fcrding to the following Proportions : 
LAs Unity or 1 ; Is to thelengthof the Hypothenuse; 
p isW Natural Sine of the smallest Angle ; Tothe 
gth of the shortest Leg. Or, So is the Natural Sine 
P3ic largest Angle ; To the length of the longest 

5r, which is the same thing. Multiply the Natural 
^es of the two Angles by the Hypothenuse, the Pro- 
HCts will be the length of the two Legs. 



Nat. Sine of 35° 30' 

0.58070 
Hyp. 25 



290350 
115140 

14.51750 

E BC 14.S2_ 



Nat. Sine of 54° SCf 

0.81412 
Hyp. 25 



407060 
162824 



Leg AB 20.35 



J»S««'Ui« IntroduclioD to the Table ef Naturftl SiOM- 



S4 
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led oittl % 

in any | 



JVote. The third Decimal figure in the first Prdt 
being 7, the preceding figure may be called c 
more than it js, i<iz. 2. And whenever in : 
Product, &c. there are more places of Decimals 
than you wish to work witli, if the one at the 
Right Hand of the last which you wish to retain 
is more than 5, add a Unit to the last ; because a 
greater number than 5 is more than half. 
As the Table of Artificial or Logarithmic Sines, 
Tangents and Secants, contained in this Book, is calcu- 
lated only for every 5 Minutes of a Degree, whenever 
any Question is to be solved where the Minutes cannot 
be found in ihat Tuble ; or where the length of the Hy- 
pothenuse is biich a number as cannot be found in the 
Tabic of Logarithms for Numbers, the Question r 
be solved by Natural Sines, as above taught, 

CASE n. 

T/ie Angles andvne Leg gweriy to find the Ihjpothem 
and the other Leg. Fig. 40. 

In the Triangle ABC, given the Leg AB 325, the 
Angle at A 33° 15', and the Angle at C 56' 45' ; to 
find tlie Hypothenuse and the Leg BC. 

Making the given Leg Radius, the Proportions will 
be; 

Tojnd the Leg BC. 

As Radius, lo.onooff 

:LeK AiJ, 335 



To find the Hyftothcnusf. 
As R;idiiis, 10.00000 

: Leg AB, 325 2,sU88 

:!Sbc.CAB. 3i* 15' 10.07765 



! Tan CAB, 33" 15' 9 8166S 



i Hyp. 368,0 12.58953 : Leg BC, 213.1 12.32834 

JVote. Reject the first figure, which is the same as 
subtracting Radius, and seek the numbers corres- 
ponding to the other figures. 
Making the Leg BC Radius, the Proportions will be; 
To find the Hypothenuse To find the Leg BC. 
■ ~ 'CB, 56° ■" ■ '"' "" " 



As tang. ACB, 56° 45' 
Leg AB, 325 
: S^c. ACB, 56" 45' 
Hyp, 388.6 



As Tang. ACB, 56° 45' 

: Leg AB, 325 

: : Riadius 

; Leg BC, 213.1 
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Making the Hypotheiiusi 
tviil be : 

To find the Hypnthenuse. 
As Sine BCA, 56* 45' 

LegAB, 325 

: Radius 

Hyp. 388.6 



Radius, the Proportions 

To find the Leg BC. 
As Sine BCA, 56° 45' 
LegAB, 325 
: Sine BAG, 33' 15' 
Leg BC, 213.1 



, Note. If the Leg BC had been given, instead of the 
Leg AB, the Proportions would have been the 
same mutatis mutandis. 



By Natural Sines. 
|To solve this Case by Natural Sines, institute the 
jlouing Proportions : 

\ To find the Hypothemise. As the Natural Sine of the 
ngle opposite the given Leg ; Is to the length of the 
So is Unity or 1 ; To the length of the Hypoth- 

lOr, which is the same thing, Divide the given Leg 

r the Natural Sine of its opposite Angle, and the 

_tiotient will be the Hypothenuse. 

To find the other Leg: As die Natural Sine of the 

Angle opposite the given Leg ; Is to the length of the 

given Leg ; So is the Natural Sine of the Angle oppo-*' 

site the oUier Leg ; To the length of the otiier Leg. 

Example. 

Given Leg 325. Nat. Sine of 56" 45', the Angle 
opposite the given Leg 0.83629. Nat. Sine of 33° 15', 
the Ai>gle opposite the other Leg 0.54829; 
AsO.83629: 325 : : 1: 388.6 
As 0.83629: 325:: 0.54829: 213.07 



The Hypothenuse and one Leg given, to find the An- 
gles and the other Leg. Fig. 41. 
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given the Hypothenusc AC 
; to find the Angles aiid Ueg 



In the Triangle ABC, 
SO and the Leg AB 40 ; 
BC. 

Making tlic Hvpothcnuse Radius, the Proptjrtion tft 
find the Angle A'CB will be : 

As »\-p. 50 . - 1.69897 
; Radius - - 10.00000 
! : Leg .VB, 40 - 1.60206 



11.60206 
1.69897 



: Sine ACB, 53° Itf 9.90309 



The Angle ACB being 53* 10" lie other is i 
quently 3ti* 5C'. 

Making the Leg .\B Radius, the Angle BAC i 
be found bv the roilowing Pro[>ortion : 

■ As Leg AB, 40 - 1.6020S 
: Rsldius . . 10.00000 

! : Hyp. SO . . 1.69897 




11.69897 
1.60206 



Sec. B.\C, 36* 50" 10.09691 
les lieing fotuHl, the Leg BC may be 
lerof thcprcctxlingC^sEs. ItbSO. 



^yXatiiroI Shtes. 

The .^ngle opposite the given Leg may be found by 
the following Proponion : 

As the Hv-poihennse ; Is to Unity or 1 ; So is the 
given leg ; To the Nat, Sine of its opposite Angle. 

Or, which is the same thing. Divide the given Leg 
by the Hvpothenuse, and the Quotient will be the Nat. 
Sac. 



'^STAWFTZZL 



t^xaEBbSmSb 



smdUBmiEa in3ii 




ly I tiigaafiuua 




i«»t<">^«r 



la ^SD Cjlxx ±£: j'^.mfipJ L 

to lie: fefaeraig Pii?asrria^ : 

In eicrr BSghr ^rr^ed Trsm^c ttK isiBsrc if 



TlieSqpsnf of die ^^f^^enLe^Vsig; 
the Scpaiecif t^ E&poifaesBisey :tic IbauBider ^vtB ':3e. 
tiie SqosBeof diCTQcjiiired Le^ 

As iatbe prrrrtBng Examti^s ; Tbc i^^dsr of tbr 
Leg AB 40 is 1600 ; tfaia inhnacted onm dieSqps« 
<rf' the Hyporhcnufae JO whickia 2SJIU Icsves 9Q0. thfc 
Square cfdse LegBC^ the Square Rootof which « 
SO, die leiigdi of Leg BC aa SmuuI by Loeasilbiiis* 



CASE TV. 

The Legs ghemfyjud the ^Ing^ and ByfotheTtuite. 
fig. 42. 

In^TnaB^ABC.^enAe Leg ABTS-T and 
the LegBC 89; tofiodtheibig^udHTpodbenuse* 
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Making the Leg AB Radius, the Proportion to fl 
the Angle BAC will be : 

^s Leg AB, 78.7 - 1.89597 
: Radius - - 10.00000 
::LcgBC, 89 , 1.94939 



11.94939 
1.89597 



: Tang. BAC, 48« 30' 10.05342 



The Angle ACB is consequently 41" SC 
Making the Lt-g BC Radius, the Proportion to fi 

the Angle BCA will be the same as the above, mutu 

pMtandis. 

'I'hc Angles being found, the Hypothenuse may I 

found by Case II. It is nearest 119. 



Btj the Square Root. 

Ill tliia Cast the Hypothenuse may be found by the 
Square Root, withoiiv finding the Angles ; according 
to ihc follov.ing PnorosiTioN. 

In every Right Angled Triangle, the Sum of the 
Stjuarcs of the iwo Legs is equal to the Square of the 
lljjjodicnuse. 
.*'rnllie above Example, the Square of AB 78.7 is 
^ B193.fi9, the Stjuarc of BC 89 is 7921 ; these added 
m:ike HI 14.09 the Snuiuc Root of which is nearest 
119. 



By J\'atiiral Sines. ^^H 

The Hypothenuse being found by the Square Root, 
lhG.Ai-.gks ni:ij' be found bj* Nat. Sines, according to 
tht; jjrtttgling Ca^e. 
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Hyp. Leg. BC. Nat. Sine 
119) 89. 00000 (74789 
83 3 



570 

476 



940 
833 



1074 
952 



1180 
1071 



The nearest Degrees andMinutes 
correspondin!^ to the above Nat. 
Sine are 48° 24', for the Angle 
BAC. The difference between this 
and the Angle as found by Loga- 
rithms is occasioned by dividing by 
119, which is not the exact length 
of the Hypothenuse, it being a 
Fraction too much. 



PART II 

OfltiQUE Trigonometry. 

The solution of the two first C a s e s of Oblique Trig- 
•nome^T-^ depends on the following Proposition. 

In all Plane Triangles, the Sides are in proportion to 
each other as the Sines of their ojjposite Angles. That 
is. As the Sine of one Angle; Is to its opposite Side ; 
So is the Sine of anotlier Angle ; To its opposite Side. 
Or, As one Side ; Is to the Sine of its opposite Angle ; 
So is another Side ; To the Sine of its opposite Angle. 

J^ote. When an Angle exceeds 90° make use of its 
Supplement, which is what it wants of 180°. As 
the Sine of 90* is the greatest possible Sine, tlie 
Sine of any greater number of Degrees will be as 
much less as that number of Degrees exceeds 90 ; 
and will be the same as the Sine of the Supple- 
ment of that number of Degrees : Thus the Sine 
of 100° is the same as the Sine of 80°, and the 
Siaeof 130'*the sarae»s the Sine of 50°, £cc 
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CASE I. 

The Angles and one side givent tojindthe other Sidef I 
Plate II- Figure 47. 

In tlw: Triangle ABC, given the Angle at B 48°, the 
Angle at C 72", consequently the Angle al A 60", and 
the SiiU- AQ 200 ; to iiiid the Sides AC and BC. 

yu>«<//A»5(rftf AC. 

A» Sine ACB, TS" - 9.578:1 

: Side AB, .300 - - 2,30IO3 

1 1 bine ABC, 48" - 9.8 7lor 



12.15-210 



I SiUc AC, IJ6 



ToM'i tl" Side BC. 
A» Sine ACB, 72' ■ 9.97851 
:Side AB, 200 . - 3.30lM[ 
: : Sine BAJf, 60» - 9.937SS 



£jf JVaturai Sines. 

As tlic Nut. Siae of the Angle opposite the giveo 
Side; Is to the given Side ; So is the Nat. Sine oftfao- 
Angle oiiposiic eilhcr of the i-equired Sides ; To liai 
rcquirca Side. 

Given Side 200 ; NaU Sine of 72", its opposite An- 
rIc, 0.95U5; Nat. Sine of ^VBC 48% 0.74334; Nafc 
Sine of BAC 60\ 0.86617. 

Aj. 0.95115 : 200: : 0.V4334: 156 

As 0.551X5 : 200 : : 0.86617 : 182 



Tivo Sides and atJii^le t^iposiie to one oftfiem gwen^ i 
to Jind the other .iugtcs and Side. Fig. 48. 

In the Triangle ABC, given the Side AB 240, : 
Side BC 200, and tlie Angle at A 46° SC ; to find ' 
r Angles and the Side AC. 
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i-/arf the MgU ACB. 
"kSWc BC,200 - 3. 
TneBAC, 46"30'.- 9. 
liSdeAB, 240 - 3.. 



Angle at A - 46" 39' 



JEne ACB, 60" :o' 9.93974 . 

Angle at B - - 73 

I The Side AC will be found by Case I. to be near- 
It 253. 

I JVbf f . If the^iven Angle be Obtuse the Angle sought 
will be Acute ; but if the given Angle be Acme, 
and opposite a given lesser Side, then the Angle 
found by the operation may be either Obtuse or 
Acute. It ought therefore to be mentioned which 
k is, by the conditions of the question. 



11^ Natural Sines. 

As the Side opposite the given Angle ; Is to the 
Hat. Sine of that Angle ; So is the other given Side ; 
» the Nat. Sine of its opposite Angle. 
One given Side 200 ; Nat Sine of 46° 3C', its op- 
ksite Angle, 0.72537 ; the other given Side 240. 
ds 200 : 0.72537 : : 240 : 0.87044=60* 3C'. 



CASE III. 

Two Sides and their contained Angle given, tojind the 
\gr Angles and Side. Fig. 49. 
I The solution of this Case depends on the following 

^OPOSITION. 

f In every Plane Triangle, As the Sum of any two 
"ides ; Is to tlieir Difference ; So is the Tangent of 
"t the Sum of the two opposite Angles ; To the Tan- 
it of half the Difference between them. Add this half 
ference to half the Sum of the Angles and you will 
(ve the greater Angle ; and subtractthe half Diffei-ence 
torn the half Sum and you *ill have the lesser Angle 
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In the Triangle ABC, given the Side AB 240, 
Side AC 180, and ihe Angle at A 36" 4(/ to find tte 
other Angles and Side. 

SideAB 240 AB - 240 

AC - - 180 AC - 180 



Sum of the two Sides 420 



Difference 



The p*-en Angle BAC 36* 4C', subtracted from 
180°, leaves 143*" 20* die Sum of the other two Angles 
the half of which is 71" 4(/. , 

As die Sura of ttt-o Sides, 420 2.62325 

: Their Difference. 60 - - 1.77815 

: : Tangent half unkno%vn Ang. 71° AfJ 10.4790^ 



12.2578i 



: Tangent lialf Diffirrence, 23° 2C 

The half sura of the two uiiknotm Angles, 
The half ditfcnmce between them, 

Add, gives the greater Angle ACB 

Subtract, gi\-es the lesser Angle ABC 



9.634^ 



7l°4tf 
23 20 



The Side BC may be found by C.\se 1 or U. 



The three Sidfs ghm to Jind the Angles. Fig. i 
Ttic solution of dus Case dtpends oo the foUi" 

PSOPOSITIOS. 

In everj- Plane Triangle, As the longest side ; 
the Sum of die other two Sides ; So is the Di"" 
between those two Sides ; To the Difference 
the Segments of the longest Side, made bv a P< 
dicular let fall from Uie .Vngle oppoMte that Side. 

Half die Difference between these Segments, added 
I the Sum of the Si^ients, that is to half the 
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lllengtf) ^ the longest Side, will ^ve the greatest Seg- 
ment ; and ihis half Difference subtnicled from Uw 
half Sum will be the lesser Segment. The Tmi^e 
being^h us divided becomes two Right Aogled Triai- 
glcs, in which the Hypothenuse and ooe Lxg are given 
to find the Angles. 

Li the Triangle ABC. gi\ en the Side AB 105. the 
Side AC 85, and the Side BC 50 ; to find the An^es. 
Side AC -85 AC . - 85 
BC . SO BC - - SO 

Sum of the two Sides 135 Differcoce SS 



As the longest Side AB, 105 
: Sum of the other two Sides, 135 
: : Difference b^l^^-een those Sides, i 



2.02119 

2.15033 
1.54407 

3.67440 
2.02119 



X Difference between the Scgmenls, 45 I -65521 

, Half tlie Side AB . . - - 52.5 
I Half the Difference of the Segments 22.5 

Add, gives the greater SegDient AD 75.0 

Subtract, gives the lesser Segment ED 50.0 

[Thus the Triangle is divided into two Ri^An- 
■-d Triangles, ADC and BDC ; in each of wiueh 

jl Hfpothcnuse and one Leg are prca to find dbe 

kgles. 



fbjhd lie JjtgU I>C.\ 
"Hyp-AC, B3 - 1.93943 



ineDCA,61» js' 9.9*s6» 



To Jtad tkg Angu DCB. 
A« Hyp. BC, » - i49»9r 

::Scg.BO,» - l.47nj 



«DCB,3C* IV 9 778)1 



I 
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The Angle DCA 61° 55' subtracted from 90° leaves- 
Uie Angle CAD 28° 5'. 

The Angle DCB 36" 5G' subtracted from 9C' leave* 
the Angle CBD 53° 10'. 

The Angle DCA 61° SS'^fldded to the Angle DCB I 
36'* 5C gives the . igle ACB 98° 45'. 

This Case may also be solved according to the fol- 
lowing Proposition. 

In every plane Triangle, As the Product of any two 
Sides containing a required Angle ; Is to the Product 
of half the Sum of the three Sides, and the Difference 
between that half Sum and the Side opposite the An- 
gle required ; So is the Square of Radius ; To t' 
Square of the Co-Sine of hidf the Angle required" 



Those who make themselves well acquainted ^ 
Trigonometry will find its application easy to taM 
useful purposes, particularly to the mensurationB 
Heights and Distances r called Altimethy andL^ 
GiMETRY. These are here omitted because, as-^ 
■work is designed principally to teach the Art of t 
monFiELD Surveying, it was thought impropi 
swell its size, and consequently increase its price, ! 
inserting any thing not particularly connected with"fl 
Art. 

It is recommended to tJiose who design to be 1 
veyors to study Trigonometry tlioroughly ; 
though a common Field may be measured withod 
acquaintance with that Science, yet many cases,^ 
occur in practice where a knowledge of it will be fill 
very beneficial ; particularly in dividing Land, aiid| 
certaining the boundaries of old Surveys. Indeed J 
onewho is ignorant of Trigonometry, can bej 
accomfJished Surveyor. 
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UR VETIXG is the An cf mcssu:;^ 1^^ <M 
and dHiffii^ Lsnd. 



PART L 



The most commoQ iaic2sare fjF Lsaati is^btr Acre; 
coocu:^ 160 Sqasare Rods- P^jies -or P«^jii^ ; 
4 Square Roods, eavdi onrruairr - g ^^^ Vjiiape Kt^ 



The rymnTy?!: most in use- for measunnj tiit ?5de^ 
of FkSds. is Gr9rT£2.'*s ClsaiL viu^ii i$ id jftsjgtjb 4 
Rods or 66 Feet ; and ^ t&iitkrd imr^ J"/^ t:wsii j«rt^ 
csfcSed Ucks. eadb corrr-aiTTrVrfir 7 lit^Sut:t aniO V^ Htis^ 
4]rcddis. CooseqfiKsajr, 1 Squstrt: Ciaui <.<imiiiiife Jt 
Sqcace Rods, 2ijid 1*1. Sqvssk Gaiuab xaoikf: X A^:s*i. 

die case irim jt grac lar: t^ tii-; Liiuc ii ^'t-r ^i^iipaafi. 
k is ^zMSsa K* liae ;^ C^aii: -:^: v-i; -». v ii'X*^ i:- i^ai^. 




PROBLEM I. To reduce Two Rod C/iahts to 1 
Jiod Chains. 

KuLE. If the number of Two Rod Chains be even 
take hislf the number for Four Rod Chains, and annex 
thf Links if any : Thus, 16 Two Rod Chains and 37 
Links make 8 Four Rod Chains and 57 Links. 

But if the number of Chains be odd, take half the 
greatest even number for Chains, and for the remain- 
iiig number add 50 to the Links: Thus, 17TwoRod 
Chains and 42 Links make 8 Four Rod Chains and 
fl2 Links. 

PROBLEM II. To reduce Two Hod Chains to Mods 
and Decimal Parts. 

Rule. Multiply the Chains by 2 and the Links by 
4, \vliit;h will give Hundredths of a Rod: Thus, 17 
Two Rod Chains and 21 Links make 34 Rods and 
84 Hundredths ; expressed thus 34.84 Rods. 

If the Links exceed 25 add 1 to the number of Rods 
and multiply the excess by 4 : Thus, 15 Two Rod 
Chains and 38 Links make 31.52 Rods. 

PROBLEM IIL Toreduce Four Rod Chains to Rod^ 
and Decimal parts. 

Rule. Multiply the Chains, or Chains and Links, 
by 4 ; the Product will be Rods and Hundredths j 
Thus, 8 Chains and 64 Links make 34.56 Rods. 

Mtf. The reverse of this Hule. that is, dividing by 4, will «- 
duct; Rods and Decimals to Chains and Links ; Thu9,tOS.l^ 
Koda make 36 Chuins and 3 8 Links. 
PROBLEM IV. To reduce Square Bods to Acres. 
R^LE. Divitje the Rods by 160, and die Remain, 
der by 40, if it exceeds that number, for Roods c»" 
Quarters of an Acre : Thus, 746 Square Rods make 4 
Acres, 2 Roods and 26 Rods. 

PROBLEM V. To reduce Square Chains to Jcres. 
RiTL E. Divide by 10 ; or, whieh is the ssmc thing, 
t oft' the Right hand figure : Thus, 1460 Square 
lains make 146 Acres ; and 846 Square Chains mak? 
I Acres and 6 Teriths. 




PROBLEM VI. To Reduce Square Lmh to Jcres, 
Rule. Divide by 100000 ; or, M-hicli is tin; same 
tiling, cut off the 5 Right h:ind figures : Thus, 3845120 
Square Links make 38 Acres and 45120 Decimals. 

Mte. When the Area of a Fieiti, by which is meant Us Supers 
ficial Contents, is expressed in Square Chains and Links, the 
whole may be conaidcred as Squdi'e Links, and the number 
of Acres, contained in the Fit-Id, found asubove. Then mul- 
tiply the figures cut off by 4, and a^ain cut off 5 figures, ami 
you have the Roods ; multiply the figures last cut oft' by 'lO, 
and again cutoffs figures, und you have the Rods. 

ExAMi-LE. How many Acres, Hoods and Rods are there 
in 156 Square Chains and 3274 Square Links ? 
15)63274 Square Links 



' ^ewer. IS Acres 2 Roods and 31 Rods. 

itotLEy.& Jor Jindi?jg the Area of Right Lined Fi, 
itres, and also of Circles. 
^•PROBLKM VII. To Jind the Area of a Square or 
Warallehgram. 

f Rule. Multiply the length into the breadtli ; the 
ffoduct will be the Area. 

I PROBLEM VII. To find the Area of a lihomhus 
\jthomboides. 

fRuLE Dropa Perpendicular from one of the An- 
I to its opposite Side, and multiply that Side into 
t Perpendicular ; the Product will be the Area. 
PROBLEM IX. To find the Area of a Triangle. 
[Rule 1. Drop a Perpendicular from one of the 
_Rngles to its opposite Side, which may be called the 
Base ; then multiply the Base by half the Perpendic- 
ular, or the Perpendicular by half the Base ; the Pro- 
duct will be the Area. Or, multiply the whole Base 
by the ^vhole Perpendicular, and half the Product will 
|je llie Area, 



M SUPVEYING. 

Rule 2. If it be a Right Angled Triangle, mu lt'i- 
ply one of tlie Legs into half \hc oihcr ; the Proi' ^~ 
will be the Area. Or, multiply the two Legs inr 
other, and half the Product will be tlie Area. 

Rule 3. When the three Sides of a Triangle i 
known, the Area may be found Arithmetically, as foU J 
lows : I 

Add together the three Sides ; from half their Sunt ) 
subtract each side, noting down the Remainders ; mul. 
tiply the half Sum by one of those Remainders, and 
that Product by another Remainder, and that Product 
by the other Remainder ; tlieSt^uare Root of the lart 
Product will be the Area. 

Example. Suppose a Triangle whose three Sides 
are 24, 20 and 18 Chains. Demanded the Area, 

24+20+18=62, the Sum of the three Sides, the 
half of which is31. Fromgl subtract>24, 20and 18; 
the three Remainders will be 7, 11 and 13. 

31x7=217 ; 217x11=2387; 2387x13=31031, 
tlie Square Root of which is 176.1 or 17 Acres2 Roods 
and 17 Rods. 

By Logarithms. 
As the Addition of Logarithms is the same as the 
Multiplication of iheir corresponding Numbers ; and as 
the Number answering to the one half of a Logarithm 
will be the Square Root of the Number corresponding 
tn that Logarithm ; it follows, That if the Logarithm 
of. the half Sum of the three Sides and the Logarithms 
of thethree'Remainders be added together, the Num- 
ber coiTesponding to one half the Sum of those Loga- 
rithms will be the Area of the Triangle. 

The half Sum, 31 - - 1.49136 

The first Remainder, 7 - - 0.84510 
The second Remainder, 11 - 1.04139 
The third Remainder, 13 - 1.11394 



The Square of the Area, 310C0 4.49179 
Area 176 Square Chains - 2.24589 



Rrii 4. V\licn Jwo SIiUn of :\ 'Viuav^lc aiul ilu n 
coniained Ang^lo, th;it is, tlu* Ans^lr iii.iil« h\ Hi«ir.* 
Sides, arc given, \hc Area may Ix (c-mul ii?^ IoIIow.n 

Add togcihcr the L(\^;arilliin^ t>( ilu i\\«i Si«l« .- ..tul 
the Logarithmic Sim* of i\\r AuyU ; iimn il.« u omu 
subtract the Log;irithin of I^uhll^, the Id in.iiiKlt i w ill 
be the Log-arilhin ordoul)Ie ilie Am a. 

Example. Suppose a Ti iiiiij'Jf one *i\ w 'nu:.i ''n*\* 
is 105 Rods and aiioiher H!) and fli* Anfli « «^iii..ii.' *» 
between them2S®/*/. Dt iisaucli d ihi Am.. 

One Side, 10.') V.'/'/i I'./ 

The ollicr Sj(!< , H'i \ \i/\.^./ 

Sine Angle, 2\j'^ 'J './.'.. /:/. 



'./ 



Subtract Kadius 
Doubk Arci!. /;200 i<ou^ 

iif-ii-'. fj' III' ii:-,--. •• -.• . .-. . 



J 






■Lii-L :.-- 



ti;:: 

bit .'.••- • 
1 : _ 






I- . - 

A- -.. 
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Triangles. Find the Arcii of each Tiianglc and add 
tliem togLthcr. Or, multiply tlic Diagonal by half the 
Sum of the two Perpendiculars let fall upon it, or the 
Sum of the two Perpendiculars by half the Diagonal » 
the Product will be the Area. 

Mie. Wlieri? tlie Icnglh nf the four Sides and of the Diagond 
is known, the Artu of ibe two Triatislcs, into which the Ttl* 
pcziuiii U divided, mny be cilculated Arithmeiicimy, accord- 
ing lo PaoB, IX. Hull: 3. 

PROBLEM XII. To^tid the Area of a Figure con- 
taining more than Four Sides. 

Rule. Divide the Figure into Triangles and Tra- 
pezia, hy drawinsi;- as many Diagonals as are necessary ; 
whieh Diagonab must be so drawn as not to intersect 
each other : Then find the Area of each of the several 
Triangles or Trapezia, and add them together j the 
Sum will be the Area of tlie whole Figure. 

Jv'ote. A liillepraciice will suggest the most convenient way of 
(hawing the DJjgonaJs; but whichever way they are drawn, 
pniviikil they do not intersect each other, the whole Area 
will \k found the same. 

PROBLEM XIII. liespecting Cvcles. 

Rule 1. If the Diameter be given, the Circum- 
ference may be found by one of the following Propor- 
tions : As 7 is to 22; or more cxactlv, as 113 is to 
355 ; or in Dtcimals, as 1 is to 3.14159 ; so is the Di- 
ameter to the Circumference. 

Rule 2. If the Circumference be given, the Diam- 
eter may be found by one of the following Proportions : 
As 22 is to 7; or as 355 is to 113; or as 1 is to 
0.31831; so is the Circumference to the Diameter, 

Rule 3. The Diameter and Circumference being 
known, multiply half the one into half the other, and the 
Product will be the Area. 

Rule 4. From the Diameter only to find the Area : 
Multiply the Square of the Diameter by 0.7854, and 
the Product will be the Area. 

Rule 5. From the Circumference only to find the 
Area ; Multiply the Square of the Circumference by 
0.07958, and the Product will be tlie Area. 
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CD . - 21.50 
DA - - 14.70 
Diagonal AC . 28. 
ji'To protract this Trapezium. 
ESide AB the given length ; with the Diag- 
fand the Side BC 11.70 describe cross Ar- 
I, from A and B as Centres ; and the Point 
1 will represent that Comer of the Field : 
pe Side CD 21.50 and the Side AD 14.70 
s' Arches as a^ D, from A and C as Cen- 
fePoint of intersection will represent that 
^ s Field. 



To find the Ana. 
UcukrB a 
Dm 

agonal AC 


11.34 
11.10 

22.44 
14.00 




897600 
2244 


Acres 31)416 
4 


Rood 


1)664 
40 


Rods 

Acres Sood Rwta 
31 — 1—26.56 


26)560 



»«r[n.-r)ilicuhrs need not be actuallj drawn ; their 
\ \k tihi.-.int-d u Ibllows : From lUe Angle opposite 
I the Dividers so as when one Fool is in (he 
n! IJ, tlic other, being moTed Iwckwmds and 
bky j"il touch Ihe DiagonJ at a, and neither ro 
r Utlow it J that distance in ilic Dividtiii be- 
Ibc Scale ■will give the length of the T"'- 



0600 
7200 
16800 

Acres 17)61600 
4 



Roods 2)46400 



Rods 18)56000 



Acres Roods Hods 
Jrea 17—2 — 18.56 
.Voir. When there are Cyphers at the Right Handof lheLitA% 
they may be rejected j remembering lo cut off a proper nuiB' 
ber of figures according to Dcctmal Rules. 



Observe, That in measuring with a Chain, slant or 
indincd Surfaces, as the Sides of Hills, should be mea- 
sured horizontally, and not on the Plane or Surface of 
the Hill ; otherwise a Survey cannot beaccuralely taken. 
To effect this, tlie lower end of the Chain must be rais^- 
cd from the ground, so as to have tlie whole in a hor- 
izontal Line ; and tJie end thus raised must be direcdy 
over the Point where the Chain begins or ends, ac- 
cording as you are ascending or descending a Hill ; 
which Point may be ascertained by a Plummet and 
Line. 



CASE n. 
7^0 surveif a Field in the form of a Trapezium. 
Measure the several sides, and a Diagonal betweea 
two opposite Angles ; protract the Field, and find the 
Area bypROBLEM XL Orj without protracting 
Field, calculate the Area according to the Note at 
cndof that Problem. 

FIELD BOOK. See Plate IL Fig. 51, 
Ch. L. 
AB . . 27.50 

BC . - 11.70 



i 







Ch I.. 


AB. N. 7' C 


W. 


28.20 


BC. N. 74 


E. 


39.50 


CD. S. S 


E. 


3S. 


DE. N. 63 20 


W. 


14.55 


EA. S. 74. 


W. 


28.50 


Acres Rood Bodi 






Area 117 — 1 — 6 







• REMARKS. 

The Sides of tlie several Triangles into -Hhich the 
Plot of a Field is divided miiy be found by Trigonom- 
etry ; and then the Area of each Triangle may be cal- 
culated acording to Phob, IX. Itule 3. The Sum of 
the Areas of the several Triangles will be tlie Area of 
the whole Field. This metliod may require more time 
but it is perfectly accurate, since no dependence is pla- 
ced on tlie uncertain measurment of Scale and Di- 
Tiders. 

In the preceding Example, suppose the Tield divid- 
ed into three Triangles. See Fig. 53. In the Triangle 
EAB, the Sides EAand AB are known from the Field 
Book, and their contained Angle is known from the 
Bearing of the Sides. The other Angles and the Side 
EB may be found by Obliq^ue Thigonometrv, 
Case III ; and then there will be die three Sides to 
find the Area. In the Triangle EBC, the Side BC is 
known from the Field Book, and the Side EB is 
found as above mentioned ; the Angle EBA is also 
found as above ; this subtracted from the angle ABC, 
which may be found from the Bearing of the Sides 
AB and BC, will leave the Angle EBC ; there will 
then be two Sides and their contained Angle to find 
the third Side ; and this being found there will be the 
three Sides to find the Area. In the Triangle EDC, 
the Sides DE and DC are known frOm the Fieli* 
Book, and their contained Angle is known from the 
Bearing of the Sides. The Side EC and tlie Area may- 
be found as above. 

It is recommended to the Learner to make these cal- 
culations, as it will improve him in the knowledge of 
Trigonometry. 
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JV"off, Two Suisa and tlieir contained Angle being given the 
Area may be found by Piiub. IX. Rule 4. 

Another Method of protracting Fields. 

Without drawing paraliel Lines at the cud of each 
Side, a l-'ield may be protracted by the Angles made 
by the several Sides ; and the Angle made between 
any two Sides may be found by the following Rules. 

Rule 1. If the Course or Bearing of one of the 
Sides is Northerly and the other Southerly, one Eastf 
erly and the other Westerly subtract the less Course 
from tiie greater ; the Remainder will be the Angle 
between thcni. 

Rule 2. If one is Northerly and the otlier SouA- 
erly, and both Easterly or Westerly, add both Courses 
together ; the Sum will be the Angle l^etween them. 

Rules. If both are Northerly or Southerly, and 
one Easterly and the other Westerly, subtract the Sura 
of both from 180* ;' the Remainder will be the Angle 
between them. 

Rule 4. If both are Northerly or Southerly, and 
both Easterly or Westerly, add 90', the less Course 
and the Cofnpleraent of the greater together ; tlie Sum 
will be the Angle between them. 

To protract a Field according to the preceding Rules 
is p^efe^able to the method of doing it by paraliel Lines, 
tliough it niaynot be so easy to the Learner at first. It 
is difficult to draw parallel Lines witli perfect accuracy, 
particularly without a parallel Rule ; and a small devi- 
alion from a true Line may make considerable differ- 
ence in the Plot of a Field. 



Example II. 
FIELD BOOK 5e? Plate IIL i^^. 58. , 

Ch. L. 

AB. N. le^SC E. 22. 
EC. N. 82 E. 19.60 
CD. S. 17 E. 24. 
DE. S. 37 W. 22. 
EA. N. 49 W. 25^0 
Area 85 Acres. 
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To draw a Plot of this Field, according to the preced- 
ing Rules. 

Having drawn the Side AB, according to the direc- 
tions before given for laying off the first Course and 
Distance, compare the first and second Courses to- 
gether, and they will be found to be both Northerly 
and both Easterly ; consequently tiie Angle between 
them is found by Rule 4. as follows: 90" added to 
^16** 30' the less Course and 8" tlit Complement of the 
greater, the Sum is 114" oC for the Angle at B. Com- 
pare the second and third Courses, and they will be 
found to be one Northerly and one Southerly and both 
Easterly; consequently, according to Rule 2. 82° the 
second Course added to 17° the third Course, the Sum 
99" is the Angle at C. The third and ftSurth Courses 
. are both Southerly and one Easterly and the other 
Westerly. The Angle between them at D is 126° ; 
for 17° the third Course added to 37° the fourth Course 
is 54° which subtracted fiom 180° leaves 126°, accord- 
ing to Rule 3. The fourth and fifth Courses are one 
Southerly and the other Northerly and both Westerly, 
According to Rule 2. 37° the fourth Course added to 
49° the fiRh Course, the Sum 86° is the Angle at E. 

A little practice will, render this mode of protracting 
a Field familiar and easy; and an attention to the 
Courses will show in what direction the Angle is to be 
fliade. 



4 





Example III. 




I'lELD BOOK. 


See Plati 


: IV. Fig. 66. 










Ch. L 


AB. 


N. 


55' 


' 15' E. 


21.00 


BC. 


N. 


26 


30 E. 


13.44 


CD. 


S. 


71 


SO K. 


18.96 


DE. 


S. 


26, 


30 E. 


13.41 


EF. 


s. 


71 


30 W. 


18.96 



FG. S. 45 E. 8.47 
GH. S. 63 30 E. 13.44 
HI. N. 45 E. 8.47 



KL. S. 45 W. 8.47 



so SURVEYING. 

LM. S. 63 SO W. 13.44 
MN. N. 70 W. 24.73 
NA. N. 36 45 W. 50. 
Acreii. Hood Rods 
Jrea l(i7 — 1 — 30 
The above Field may lie protracted, and its 
calculated accordin{!; to tlic directions given in the [ 
ceding Examples. 

.4 Rule to determine zvhet/ier the Courses in any 
\-ey have been accurately taken. 

By the Rules lor protracting a Field, PageAS^ 
the Quantity of the several Angles, and add the whi 
together ; to U'eir Sum add 360* ; divide this Sum by 
180*; and, if the Survey is right, the Quotient will 
equal the iiumber of Angles contained in the Field- 
Thus, in the preceding Example, the Sum of all the 
Angles is 1980" ; to thisadd 3(50* and it makes 2340* ; 
tliis Sum being divided by 180" the Quotient will be 
13, which is the numbcrof Angles in the Field. Seff 
the Figure. 

When the Angle is without the Field, as atB, F, G 
and H, substract the Quantity of tile Angle, as found 
by the preceding dircctioHS, from 360 and make use of 
the Remainder in adding the several Angles. Thus 
the Angle at B 150° IS' must be subtracted from 360*, 
and the Remainder 209* 45' considered as the re£^ 
Quantity of that Angle. If there is an error, die Field 
must be re-surveyed, and the ciTor corrected, else the 
true Area cannot be ascertained. 



Ecrioif III. for Ocleiminj 

.ii-iilely measiirtil. 



1^0^ 



Demonstration of the preceding Itiilc. 
Suppose a Plot of aField, as ABCD, &c. Plate II. 
Fig. 54. From some Point within the Field, as at a^ 
draw Lines to the several Angles ; and it is evident the 
whole will ba'dlvided into as many Triangles as there 
are Sides to the Field, that is 7- Now, as the three 
Angles of every Triangle amount to 180*, the Sum. 



^If— '-"^m 


SURVEYING. ^^^1 


the Angles of all these Triangles \viil be 7 limes 180°, ^^M 


that is 1260°. The Sum of the Angles at the Centre ^^^1 


is 360", because the Arches which ineaHiire tliosc An- ^^H 


glcs form a Circle. Therefore, 360° the Sum of tliose ^^M 


central Angles, substracted from 1260" will leave the '^ 


Sumof allthc other Angles; which arc the Angles 


made by the several Sides of the Field. The Angles ■ 


of this Field will be found to contain 900" ; if to this ^^M 


you add 360° and divide the Sum, viz. 1260" by 180" ^^M 


m the Quotient will be 7, the number of the Sides or An- ^^H 


■ glesof the Field. ^^M 


^^^everal Field Books to exercise the Learner hi fj/ottiiig ^^H 


^R Fields and calculating their Jrea. ^^H 


^K 


^^1 


Hf Bods. 


^^M 


^m- 1. N. 15° C E. S30 


1. S. 65° 40' W. 49.r ^^M 


^ 1. N. 37 30 E. 160 


3. S. 67 15 W. 34.5 ^^M 


3. East 120 


3. S. 54 W. 17.9 ^^M 


*. S. 11 C E. 200 


*. S. 20 W. 5.5 ^^M 


5. South 316 


i. S. 7 '30 E. 29A ^^M 


H- e. West 160 


6. N. 83 E. 107.4 ^^H 


^» 7. S. 36 30 W. 160 


7. N. 5 30 W. 23. ^^1 


^^ S.N. 3S 13 W. 136 


8. N. 13 30 W. 46. ^^H 


^f Acres Roods Hods 


Acres Rood Rods ^^H 


^^•Jrea 744 — 3 — ■ie 


jtrea 34 — 1 _ 19 ^^H 






^m MO. 11. 


^^1 


^m ch.L. 


^H 


^K 1. N. ri" 0' E. i3,ro 


1. N. 4S° 0' W. 12.44 ^^1 


^V S. N. 30 30 £. 10.30 


S. N. 64 W. S. ^^1 


^P 3. East 16.20 


3. N. 52 W. 14.60 ^^1 


■^. 4. S. 33 30 W. 35.30 


4. N. 37 5 W. 51.35 ^H 


5. S. re W. 16. 


5. N. 15 30 W. 31.76 ^H 


6- North 9. 


6. N. CO 40 W. 44.60 ^M 


f. S. 84 W. 11.60 


7. N. be 30 E. 167.6U ^H 


8. N. 53 15 W. 11.60 


8. S. 34 40 E 71.20 j^^l 


9. N. 36 45 E. 19.20 


9. S. 75 W. 69.72 ^^M 


10. N. 22 30 E. 14. 


10. S. 55 W. 64.60 ^^H 


U. S. 76 45 E. 12. 


11. S. 25 W. 18.12 ^^H 


m^ 13. S. 15 W. 10.85 


Acres Roods Rods ^^^| 


mk 13. S. 16 45 W. 10.12 


.■Irca 97 — 3 — 39 ^^M 


^^ Acres Hoods Rods 


^^^M 




.A 
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NO. V. 11 


12. N. 87 E. 29.93 








Rods. 


13. N. 49 20 E. 4.04 


I. s. 


11« 


50^ 


W. 34.6 


14. North 2.23 


2. S. 


63 


20 E. 93.6 1 


15. N. 50 35 E. 6.50 


3. N. 


4 





W. 34.9 


16. S. 22 50 E. 17.94 


4. S. 


89 


55 


E. 40.1 


17. S. 34 W. 3.50 


5. .N. 


5 


26 


W. 35.5 


18. ». 41 W. 3. 


6. N. 


69 


40 


W. 60. 


19. S. 22 50 W. 9.25 


7. S. 


78 





W. 30,6 


20. S. 3 40 E, 2.64 


8. N. 


67 


20 


W. 1.2 


21. S. 86 W. 2.50 


9. S. 


72 


30 W. 10.4 1 


22. S. 25 W. 14.50 


10. S. 


66 


55 


W. 15.2 


23. S* 2 W, 5.38 


Acres 


Rood Rods 


24. S. 10 E. 11.75 


4rea 4 1 


■^ 


1 ^ 34 


25. S. 86 W. 84.60 




— 


-•^ 


— 


Acres Roods Rod^ 




NO. VI. 1 


Jrea 268 — 3 — 7 








Rods. 




1. S. 


34* 


0' 


E. 42,8 


" 


2. S. 


29 





E. 69.4 


NO. VIII. 


3. S. 


64 


50 


W. 53. 


Rods. 


4. S. 


25 





X!i* 4. 


1. S. 6*> 30' E. 19.1 


5. S. 


66 


30 


W. 39. 


2. S. 63 30 E. 14.36 


6. N. 


25 





W. 4. 


3. S. 67 E. 10.68 


7. S. 


64 


45 


W. 32.2 


4. N. 88 E. 13.3 


8. N. 


30 


30 


W. 18.3 


5. S. 31 30 W. 32.44 


9. N. 


56 


30 


E. 34.5 


6. S. 31 55 W. 96.5 


10. N. 


64 





E. 12.5 


7. S. 33 25 W. 34.9 


11. N. 


49 





E. 14. 


8. S. 20 45 E. 3.68 


12. N. 


26 


10 


W. 19.3 


9. S. 16 15 W. 64. 


13. N. 


21 


r 




W. 18.3 


10. N. 52 30 W. 12.8 


14. N. 


44 


10 


W. 18. 


11. S. 45 W. 18.24 


15. N. 


64 


40 


E. 30.5 


12. S. 69 W, 21.4 


16. N. 


18 


30 


W. 39. 


13. 5. 12 40 W. 9.4 


17. N. 


86 


5 


E. 26.7 


14. S. 84 20 W. 9.5 


Acres 


Rood Rods 


15. N. 22 15 W. 24. 


^rea 48 — 


r. 1 


^ 12 


16. North 9.8 




- 


--•. 


_ 


17. N. 29 15 W. 30.6 




No. VII. 


18. N. 44 25 W. 21.8 








Ch.L. 


19. N. 61 30 W. 23.1 


1. N. 


0° 


45' W. 9. 


20. N. 41 W. 10.8 


2. N. 


19 


30 W. 5.35 


21. N. 36 E. 41.56 


3. N. 


23 


( 


W. 4.09 


22. S. 68 E. 80.6 


4. N. 


41 


35 


f W, 6.15 


23. N. 44 30 E. 20.4 


5. N. 


3 


W. 36.75 


24. N. 2 30 W. 41. 


6. S. 


86 


50 W. 13.33 


25. N. 14 45 W. 62.32 


7. N. 


2 


15 W, 17.65 


26. N. 16 W. 14.8 


8. N. 


85 


45 E. 12.56 


27. N. 1 45 W. 14.8 


9. S. 


2 


10 E. 8. 


28. N. 82 30 E. 99. 


10. N. 


86 


45 E. 7.38 


Acres Rood Rods 


\h §. 


3 


15 E. 13.20 


4rc(^ 135 -,. 1 -^ 15 






in the Fic^i^/- r^ ■^*-.;- ' .- 

FiflLD ZOIK :-r 



_ — • . 



From r^niiiL i: 



■* 



£'-'^_*- a^:»ir 



L-i»- 



m 

The Art^ m:£7 v*. v^^ .'.^■-•--r^ £'_v.''--j» •■ ^ 

more accinr^t^-- iiv-v^l. i . ' - 

As the ifciT-r.v ^i'-' --' ^ -'- * ' - ■ - -»- 
Station tc iL-i 'st" ^Tj, .^.T-ri^r .. 

their cor.ti: jtc. A-:r. •' s/- <: :^ ' ^-'' - -- 

• ^ 1 - ^ - *j " • ' ^ 

be rei'""' v '"-■ '■ -■ *-' -■ :.- ii^,y '■ ■ . ^ .■ - . " -. 



r,< 



* *' 



-\'::f. A^ .\ .-.'. 


S *- I'l r's.l"'.t:1 I ' ". 






a A- i "- 


aB. :: 


Sir*t.\iSi:* 



>-. ^ 



.»C «"..' 



-• ■ • r 



-■ -■ * 



Doub. }^^c. \: " 



^ ■' ■ 



aB. :.' ' - 
aC. ':: 4: 






^.. - • 



• •. ' X 



Bt SURVEYING. ^m 

THmffU aKF. Triangle aPA. ^M 
aE, 12 - - 1.O70IB aF, 8.78 ti.gSw 
aF, 8.71 - - 0.94349 aA, 8,70 - 0.93952 
SincKaFiSS" - 9.91336 Sine FaA, 45" - 9.84948 


Doul). Area, 8fi,3 1,93603 


Doub. Area,54 1.7334* 


Triangle aAB 

* aBC - 

aCD . 

aDE - 

, aEF . 

k aFA . 


85. 7 

51.8 ^ 

M 

m 

86.3 H 


^^^^ Pouble Area 


516.3 Square Cliah^ 

25)84 . ■ 



3)3S 



Acres Roods Rods 
^rea 25 — 3 — 14.4 



14)40 



CASE VI. 

To survey a Field from same one of the Angles 
which the others may be seen. 

From the stationary Angle tate the Bearing and 
Distance to each of the other Angles, with a Comp 
and Chain. 



FIELD BOOK. 


5«PliTE III 




Ch. L 


FG. N. 


70* W. 14.60 


FA. N. 


50 W. 18.20 


FB. N. 


30 W. 16.80 


rc. N. 


10 W. 21.20 


FD. N. 


7 E. 16.95 


FE. N. 


30 E. 8.50 



To draw a Plot of tMs Field. 

Draw a Meridian Line to pass through the statia 

ry Angle, as at F. From the Point F hiy off the F 



jUa3.s FG,FA,TB,fav 

e Area M2T be fA ii llilLu u 1 llUj^Hf n ne: 



CASE TIL 



the BoBa^ faai cxfc SfidHi toAe iKXBtez- 



HELD BOCK. Safi-xn BL/if.l 

ACS. SS-a/E. BtS-Src! 

AQ. a e9 £. BD. S. 17 & I 

A£. S. 59 W. BE. S. S ^ 

AF. X. 63 W. BF. a. 4» a ^ 

AG. X. 21 O «'. BG. K7t O 1 
AH. XorfL BH. X.34 O ^ 

SDtkmrfLncABuN. M*E. 3D < 
Tm fmrma ait rxU. 
2tliefim Sodon AAzvaMoifiaft Lac '■'bp 
; IV j iwi ft^ to the II yn l i fe -failles ; 4av ^ 
f LaeABy jn »i l^ l»lfccfeK» t ■ i Pifc- 
iBAa ----- - . ^ 




*>*c -t^^o. 



c wlKBsliovs tnc Bcanag v os • 
ahylhe PnimiJ M or Uk <f Oorii. I 

ric itoBC Lwo ■■! I ■ I T I' i ni <^g 1 

tofAcTicil. Camani 
rbrLoKSk aodAoK Liao aS i 
ISUaofAeFxM. 



C.WE ^'JIL 

7«»n»y«»i« » iiii «iW^ figt- 




SURVEYIKG. 

p seen ; from each Station take the Bearing of tk 
glcs ; and take the Bearing and Distance from one 
toon to tUc other. 
FIELD BOOK. See Plate IV. F}g.67. 



First Station. 


Second Station. 


AK. N. 9°iyE. 


BE. N. 50' U W. 


AF. N. 16 E. 


BF. N. 29 15 W. 


AG. N. U 30 E. 


BD. N. 24 W. 


AD. N. 39 E. 


BG. N. 21 30 \V. 


AH. N. 40 E. 


BH. N. 5 E. 


AC. N. 72 E. 


BC. N. 20 30 E. 




Ch. I_ 


Sutioimry Distance .^B, S. 88' 3C/E. 19.20 



The directions given in the last Case for plottii^ 
the Ficid, will apply in this Case also ; and the Area 
in tills and the preceding Case may be calcnlated ia 
the manner pointed out in Case IV. by dividing the 
Plot into Triangles and measuring Diagonals and Per- 
IK-ndicnlars. Or the Sides may be found by Trigo- 
nometry, and the Area ealculated Arithmetically, as 
already taught. 



To stn-ucya Field ivhere the ioimdaiy Lines are very 
irrrf(ular ,ivithout noticing with the Compass every small 
Item!. 

IH'Kiii near one Corner of the Field, asatA, Plate'. 
IV. Fi^. 68. and measure to the nest large Corner, as' 
H, in iiHtraight Line : noticing also the Bearing of this 

I /me. From the Line take Offsets to the several Bends, 
at llif^ht Angles from the Line ; noticing in the Field 
Hook at wliatpart of the Line they are taken, as A 1, 

II 2, I '^, B 4. Proceed in the same manner round the 
Field. In the Figure the dotted Lines represent the 
stationary Lines, 'and the black Lines the Boundaries 
of the Field. 
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S AB.N. fli" 0' E. njc 
< at 5-40 



tlic eml 



V BC. S. 



■ ;t>' E. 

at 2.3f 
•(.36 



> CD. N. 62" 0' W. 4.66 

\ at 4 34 

\ L»E. N. I , 



0.56 EF. S. 67* i(/ Vi. S 2«f 0-*0 

1.40 BC t.*, ■JLJ'S 

0.16 J.9« O J3 

35 I S.SB 1. 

lliectti O l3 



O 20 — 

0.36 |FG.5.27"4C'E. TjfilSo 
0.96 I at 3. I 0.3* 

30 [ thccDd 0.1& 



GA. 5. 3i» 3(/ W. D.4» 
0-30 1 ata.sooso 

the end 0.40 



*.3oio.jO I 



To protract this FuM, 

Draw the stationary Lines according to the directions 
in Case IV. From A make an Oflbct of 56 Links 
to 1 ; measure from A to H 540 Links and make the 
Ofiset H 2, 140 Links ; measure from A to I S26 Links 
and make the OfTset I 5, 36 Links: at B make the 
Offset B 4, 36 Links. Proceed in the same manner 
round the Field, and connect the ends cf the OiFbcts by 
Line^, which will represent tlie Boundaries of the 
Field. 

K Tff jind the Area. 

Tind the Area within the Stationary Lines as before 
taught ; then of the several small Trapezoids, Parallel- 
ograms and Triangles made by the stationary Lines, 
Offsets and boundary Lines, and add the whole togeth- 
er : Thus, add 5S Links the Offset A 1 to 140 i-inks 
tfie Offset H 2 and muUiply their sum 196 by half 540 
die length of the Line AH, and the Product 52920 
Square Links will be the Area of the Trapezoid AH21: 
Again, add 140 the Offset H2 to 36 the Offset 13 and 
nultilpy their Sum 176 by half 286 the length of the 
H 
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Line HI, and the product 25168 Square Links vill he 
the Area of the Trapezoid HI32. Proceed in the 
same manner to calculate the Area of all the Ti^ 
zoids, Triangles, &c. 



CASE X- 

To survey a Field by taking Offsets both to the S^ 
and Left ; that is, within and without the Fields 4%i» 
easion shall require^ in consequence oj the StaUanaryljm 
crossing the boundary Lines : AUo^ by Litersections^ dd 
if, taking the Bearing of an inaccessible Comer Jiromtm 
Stations. 

The directions given in the preceding Case, togcdi- 
er with the following Field Book, mil show Ac 
Learner how to survey a Field like the foUowii^, and 
also to protract it when suneycd. 

FIELD BOOK. See Plate TV. Fig. 69. 



ti)tlic Bearing tod Diitance. 

I^ft 



Ch.L 
1.12 

3.40 
1.25 



Ch. L. Ch. L 
AB.N.8S<»C'\V.22.12 

at 4.25 

7AQ) 
13. 



OfteCb 
to the 
Right. 



0.45 



BC.N.27*»45'W.21.12 

at 4.10 
10.25 
15. 



2.30 



C 1.S.82<»15'E. 5.45 
1,5. N. 70 OE. 13.25 
2 D.N. 20 OE. 3.36 



l.2r 

1.15 



DF. S. 35** 0^ E. 15.15 



Remarks. 



A Tower bears from 
A. N. 48*^. W. 



From B the Tower 
bears N. 38^ 30' E. 



From C go into the Field to 
1, on account of some impedt* 



rncnt on or near the boundaiy 
Tjiiie. At Dp you get into ano- 
iicT Comer of the Field. 



E an inaccessible Comet 
bears from D. S. 65** 30' E. 



FA.S. 15° 15' E. 15.10 

at 1.20 

7.45 
12.25 



0.36 



E the inaccessible Comer 

bears from F 

N. 4** W. 
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JV&/e. To draw a Tree, House, Tower, or any other remarka- 
ble object, in its proper place, in the Plot of a Field — From 
any two Stsltions, while surveying the Field, take the Bearing 
of the object ; and the intersection of the Lines, which repre- 
sent thftHearings, will determine the place of the object ; ia 
the saraW* manner that the Tower is drawn in the Figure. 



To find the Area of the above Field. 

Find the Area within the stationary Lines, and then 
of the several small Trapezoids, &c. remembering to 
distinguish those witiiout the stationary Lines from 
those which are within. Subtract the Area of tliose 
within the stationary Lines from the Area of those 
without, and add the Remainder to the Area contained 
within the stationary Lines ; the sum will be the whole 
Area of the Field. 



SECTION IIL 

Rectangular Surveying, or an accurate method 
of calculating the Area of a Field Arithmetically^ from 
the'¥ lELB Book, without the necessity of protracting itj 
and measuring with a Scale and Dividers^ as is com- 
monly practised. 

1. Survey the Field, in the usual method, with an 
acciunte Compass and Chain; and from the Field 
Book set down, in a Traverse Table, the Course or 
Bearing of the several Sides, and thei^ length in Chains 
and Links, or Rods and Decimal parts of a Rod ; as in 
the 2d and 3d Columins of the following Example. 
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19145.9019 Sum of South Areas 
4245.4016 North Do. 



2)14898.5003 Double Area of the Fiel4 



Acres 744)92501 Area 



W 



Roods 3)70004 

40 
■ Acres Roods Rods 

Rods £8)00160 Area 744 — 3 — 28 

2. Calculate by Right -AjctiEDTBiccxcMETRf, 
Casl L or find by the Table ol Difference cf Lathucc 
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?parture,* or by the Table of Natural Sines,t 
■the Northing or Southing, Easting or Westing made 
on each Course, and set them down against their sev- 
eral Courses, in their proi>er Columns, marked N. S. 
E.W. 

JVbie. To determine whetlier the Lalilude and departure for 
any particular Course and Distance are accurately calculated, 
square each of ihem; andiftiiey are right, the Sam orHicii- 
Squares will equal ihe Square of the Distance, for the follow- 
I ing reason : The Latitude and Departure represent the two 
I Legs of a Right Angled Triangle, and the Distance the Hy- 
poihcnuse ; and it is a Mathematical iruih, that the Square 
oflhe Hypothenuseofany Right Angled Triangle is equul 
to the Sum of the Squares of the two Legs. 

f S. If the Survey has been accurately taken, the Sum 
^ the Northings will equal the Southings ; and the 
istings will equal the Westings. If upon adding up 
lie respective Columns, these are found to difler very 
considerably, the Field should be again surveyed ; as 
some error must have been committed either in taking 
the Courses or mcaauringthe Sides.J If the difference 
is small, a judicious," experienced Surveyor will judge 
from the nature of the ground or bhape of the Field 
.surveyed, where the mistake was most probably made, 
^d win correct accordingly. Or, the Northings and 
Southings, and the Eastings and Westings may be 
equalled by balancing them, as follows : Subtract one 
half the difference from that Column which is the larg- 
est, and add the otlicr half to that Column wliicli is the 
smallest ; and let the difference to be added or sub- 
tracted be divided among the several Courses accord- 
ing Jo their length. 

• For an Explanation of this Table, and th? manner of using 
|t, see the Remarlis preceding the Table. ^| 

t See the Remarks preceding the Table of Natural Sines, 
\ A method of determining wlielher the Courses arc right has 
been already explained. See page 50. Tlie Surveyor, before he 
leaver the f ieldj should calculate Ihe Northings, Southings, &c. 
and if he finds much difference determine whether the Courses 
^re right. ^ This will show him whether a re-survey is n 
and will enable him to ascertain whether the err 
fQifrses or Distances. 
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In Example L the upper numbers are the north' 
ings, 8cc. asfoundbya Table ofDifferenceofLatitude 
and Departure. The several Columns being added, 
the Northings are found to exceed the Southings 47 
Links ; and the Westings to exctcd the Eastings 24 
Links. They may be balanced by taking 24 Links 
from the Northings, and adding 23 Links to the South- 
ings ; and taking 12 Links from the Westings and add- 
ing 12 Links to the Eastings. Take from the first 
Course of the Northings 12 Links, from the second 7, 
and from the third 5 ; to the first Southing add 7 
Links, to the second 10, and to the third 6 : Add to 
the first Easting 3 Links, to the second 3, to the third 
4, and to the fourth 2 ; take firom the first Westing 5 
Links, from the second 4, and from the third 3. The 
lower numbers will then represent the Northings, Etc. 
as balanced. 

4. These Cohimns being balanced, proceed to form a 
DepartureColumn, or a Column of Meridian Distances; 
which shows how far the end of each Side of the Field is 
East or West of the Station where the calculation begins. 
This Column is foniied by a continual addition of the 
Eastings and subtraction of the Westings ; or by add- 
ing the Westings and subtracting the Eastings: See. 

EXAMPLE I. 

The first Easting 20. 74 is set for tlie first number in 
the Departure Column j to this add 24.38 the second 
Easting, and it makes 45.12 for the second number ; 
to this add 30.04 the third Easting, and it makes 75.16 
for the third number ; to this add 9.56 the fourth East- 
ing, and it makes 84.72 for the fourtli number ; the 
fifth Course being South, it isevident the Meridian Dis- 
tsnce will remaj^the same, therefore place against it 
the same Eastit^^s for the preceding Course ; from 
this subtract 39.95 the first Westing, and it leaves 
44.77 for the sixth Course; from this subtract 23.75 
the second Westing, and it leaves 21.02 for the seventh 
Course ; trom this subtract 21.02 the last Westing, and 
it leaves 0.0 to be set against the last course, which 
shows that the additions and subtractions have been ac- 
curately made. ForastheEastingsand Westings t 
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each other, it is evident that one being added aiid the 
other subtracted, tlieve will in the end be no Remainder. 

5, The next step in the process is to form a second 
departure Column, the numbers in which show the 
Sum of the Meridian Distances at the end of the 
first and second, second and third, third and fourth 
Courses, &c. 

The first number in this Cohimn will be the first id 
the other Departure Cohimn ; to which add the second 
number in that Column for the second in this ; for the 
third add the second and third ; and for the fourth the 
tliird and fourth ; and so on till the Column be com- 
pleted. See Example I. 

The first number to be placed in the second Dcpart- 
nre Column is 20.74 ; to this add 45.12 and it makes 
65.86 for the second number; to 45.12 add 75.16 and it 
makes 120.28 for tlie third number : to 75.16 add 84 
72 and it maks 159.88 for the fourth number; to 84. 
72 add 84.72 and it madcs 169.44 for the fifth number; 
to 84.72 add 44.77 and it makes 129.49 for the sixth 
number; to 44.77 add 21.02 audit tmakes 65.79 for 
the seventh number ; to 21.02 add 0.0 and it makes 
21.02 for the eighth number. 

6. When the work is thus far prepared, muhiply the 
several numbers in the second Departure Column, by 
the Northings or Southings standing against them res- 
pectively ; place the Products of those multiplied by 
the Northings in the Cohimn of North Areas, and of 
tllose multiplied by the Southings in the Column of 
South Areas ; add up these two Columns and subtract 
theless from the greater; the Remainder will be dou- 
ble the Area of the Field, in Square Rods or Square 
Chains and Links, whichever measure was used in tlic 
Survey. 

Demonstration of tlie preceding Rules. See Plate 
III. Fig 63. and Example I. 

'I'ht dotted Line A 2 represents the Northing, and 

the Line 2 B the Easting made by the first Course: 

ITiesc multiplied together, that is, 77.15x20.74 

_=sl600.0910, which is double the Area of the Tri- 



I 
I 
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angle A 2 B, as is evident from the Rule to Endj 
Areaof a Triangle, Psob. IX. Rule 1. This 
bcr is to be placed for the first number in ihe Coltl 
of North Areas. The Line 3 C represents the Sum^ 
the Eastings made by the first and second Coursea, 
which is 45.12 the second number HI the first Depart- 
ure Column ; if to this you add 20.74 the length of the 
Line 2 B you have 65.86, which is the second number 
in the second Departure Column, and which represents 
the Sum of the two Lines 3 C and 2B. These two 
Lines with the Line 2, 3 which represents the Northing 
made by the second course, and the LineBC, one of 
the Sides of the Fickl, form a Rigt Angled- Trape- 
ziod. Now, by the Rule to find the Area of such a 
Trapezoid, See Prob. X. 65.86x31.66=2085.1276, 
double the Area of the Trapezoid 2 BC 3. Place this 
Product forthcsccond number hi the Column of North 
Areas. 

To the Line 3 C add CD 30.04 the Easting made by. 
the third Course, and you have 75. 16 which is the Sum 
of the Eastings^ made by the thrcv^ first Courses, and 
tlie third number in tlie first Departure Column. To ■ 
tliis add 9.56 the Eastingof the fourth Course, and you 
have 84.72 the length of the line 1 E, which represents 
the Sum of the Eastings made by the four first Cour. 
ses, and is the fourth number in the first Dep;u-ture 
Column. These two, viz. the Lines 3 D 75.16 and 
1 E 84. 72 added together makd 159.88 the fourth num- 
ber in the second Departure Column ; which being 
multiplied by 49.15 the kngdi of the Line 3, 1 which 
represents the Southing made by the fourth Course, 
will give double the Area of the Trapezoid 1 ED 3. 
The number thus produced is 7853.1020, which is ta 
be placed for the first number in the Column of South 
Areas. 

The fifth Course being due South, it is evident the 
Sum of the Eastings will remain the same as at the end 
of the fourth Course : That is, the Line 4 F equals the 
Line 1 E, which is 84.72. These added make 169.44 
the fifth number in tlie second Departure Column. 
Tliis being multiplied by 54.10 thelength of the Line 
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EFj which is the Southing of the fifth Course, as cor- 
rected in balancing, and the same as the Line 1, 4 — 
will give double the Area of the Purallclogram l£F4, 
which is 9166. "O-IO the second number in the Column 
of South Areas. 

From the Line 4F 84.72 subtract 39.95 which is a 
West Course, and it leaves 4G 44.77 the Sum of the 
Eastings, or the Meridian Distance, at tlie end of the 
sixth Course, and the sixth number in the first Depar- 
ture Colume. Fromthis subtract 23.75 the Westing 
made by the seventli Course, and you have 21.02 the 
length of the Line SH, which is the Meridian Distance 
at the end of the seventh Course, and the seventh num ■ 
ber in the first Departure Colunin. The Line 4G 
44.77. added to tlic Line 5tl 21.02 make 65.79 the 
seventh number in the second Dep:uture Column. This 
being multiplied by 32.21 the length of the Line 4, 5 — 
which is the Southing of the seventh Course, will give 
cfcuble thej4rea of the Trapezoid 4GH5, which is 
2119.0959 the third number in the Cjilumn of South 
Areas. M 

The Line HS, 21.02 is the Westing of the last 
Course, and the last number in the second Departure 
/ Column. This being multiplied by 26.65 the length 
y'of the Line 5A. and^be Northing of the hist Course, 
m-oduces 560.1830, which is double the Area of the 
Triangle A5H, and the last number in the Column 
of North AreasI 

It will be otiservcd lliat agulnst the thircliind sixth Cour- 

.bere are no At'cua ; ihu I'eascin is that these Course* 

being one East and the oihcr West, there is no Northing or 

Somhinij to be multiplied into them ; regai'd ciin thcrerorehe 

had lo them only in forroin'^ the Departure Columns. 

By inspecting the Figure, and attending to the pre- 
ceding illustrations, it wiil be seen that the three North 
Areas represent double the Area of the Triangle A2B, 
the Trapezoid 2BC3, and the Triangle AsH, all of 
which are without the boundary Lines of the Field : 
Also, that the three South Areas represent double the 
Area of the Trapezoid 3DEl, the Parallelogram 
lEF4j and the Trapezoid 4GH5 ; and that these in- 
I 
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elude not only the Field but also what was includej^^| 
the North Areas. Therefore the North Areas siibU^^H 
ed I'ronithc South, the llcmainder will be double ^^M 
Arcu uf the Field, contained within the black Line^^H 

Additional Directions and Explanations. ^^H 
The Northings and Southings may be added and^^H 
trac-lcd instead of the Eastings and Westings ; ^^H 
there will be two Latitude Columns instead of ^<^|^^| 
ure Columns ; and the numbers in the second Lat^^^H 
Column must be multiplied into the Eastings ^^| 
Westings, and you will have East and West Areaa^^H 
When the Course is directly North or South, ^^| 
Distance must be set in the North or Soutli Coltuq^H 
when East or West, in the East or West Cblad^H 
There will (hcrefore sometimes be no number to be ao^H 
ed to or subtracted from the number last set in the 1^^| 
itudc or Departure Column ; then the nuuibcr ^^H 
placed in the Column must be brought down and x^ 
against such^^rse ; as in Example I. at the 5t& \ 
Course. ItlBr also sometimes be tlie Case that there 
will be no numucr to multiply into the number in the \ 
second Latitude or Departure Column ; then that num. 
ber must be omitted, and against such Course there 
will be no Area ; as in Example L at theSdaiidfith , 
Courses. " ' 

When the Northings or Southings, Eastings or 
Westings, beginning at the top, will not adanit of a 
eontinuai addition of the one and subtraction of the 
other, without running out before you get through the 
geveral Courses, you may begin at such a Course as 
ivill admit of a continual addition and subtraction ; and 
when you get to the bottom go to the top, and you wiB 
end in Cypher at the Course next above tliat where 
you began ; as in Example IL which begins at the 
Pth Course to add the Eastings and subtract the West- 
iugs. 



I 





w 


D.g. 




TRAVERSE TABLK. 




»3 




C 


10= C 


10= 15' 


10" 30' 


10» 45' 


S. 




LaL 


Ui-p 


Lii, 


Uep 


LJ(. 


i»ep 


LMi. 


.lep 




~i 


0.98 


0.17 


0,98 


0.18 


O'JB 


0.18 


0.98 


0.19 


1 




2 


1.97 


0.35 


i.y7 


0.36 


1.97 


0.36 


1.96 


0.37 


2 




3 


2.95 


0.52 


2.95 


0.53 


2.95 


0.55 


2.95 


0.56 


3 




i 


3.94 


0.69 


3.94 


0.71 


3.93 


0,73 


3.93 


0.75 


4 




s 


4.92 


0.87 


4.92 


0.89 


4.92 


0,91 


4.91 


0.93 


5 




6 


5.91 


1.04 


5.90 


1.07 


5,90 


1,09 


5,89 


1.12 


6 




7 


6.89 


1,22 


6,89 


1,25 


6.88 


1.28 


6.88 


1-31 


7 




S 


7.88 


1.39 


7.87 


1.42 


7,87 


1.46 


7.86 


1.49 


8 




9 


S.85 


i.5e 


8,86 


1.60 


8,85 


1.64 


8.84 


1.68 


9 




10 


9.8S 


1.74 


9.84 


1.78 


9.83 


1-82 


9.82 


1.87 


10 




71 


10.B3 


1.91 


10.112 


1.96 


10.82 


2.00 


ioTi 


3.05 


11 




12 


11.82 


2.08 


U.BI 


3.14 


11.80 


2,19 


11.79 


2.24 


13 




13 


12.80 


2.26 


12.79 


2.31 


12,78 


2,37 


13,77 


2.42 


13 




U 


13.79 


2.43 


13.78 


2,49 


13.77 


3,55 


13.75 


2.61 


14 




15 


14.77 


2.60 


14.76 


2.67 


14.75 


3.73 


14.74 


3 80 






16 


15.76 


2.78 


15.74 


2.85 


1S.73 


3.92 


15.72 


3.98 


16 




ir 


16.74 


3.95 


16.73 


3.03 


16,72 


3.10 


16.70 


3.17 


ir 




IS 


17.73 3.13 


17,7) 


3.20 


17.70 


3-28 


17.68 


3.36 


18 




19 


I8.71I3.3O 


18.70 


3,38 


18.68 


3.46 


18.67 


3.54 


19 




20 


19,70J3.47 


19.68 


3.56 


19,67 


3.64 


19.65 


3.73 


20 




31 


20.68 


3.65 


iU.66 


3.74 


20.63 


3.83 


20.63 


3.92 


21 




32 


31.67 


3.83 


il.63 


3.91 


21.63 


4.01 


21.61 


4.10 


33 




23 


22.65 


3.99 


32.63 


4.09 


22,61 


4.19 


22.60 
23,58 


4.29 


23 




24 


33.64 


4.17 


33,63 


4.27 


23,60 


4.37 


4.48 


24 




35 


24.62 


4,34 


J4,60 


4.45 


24 58 


4.56 


24,56 


4.66 


35 




36 


25.61 


4.51 


25.59 


4,63 


25.56 


4,74 


25,54 


4.85 


36 




27 


36.59 


4.69 


26,57 


4.80 


26.55 


4,92 


26,53 


5.04 


27 




2S 


27.57 


4.86 


37,55 


4.98 


27,53 


5.10 


37.51 


5.22 


28 




39 


28,56 


5.04 


38.54 


S.16 


28,51 


5.29 


28.49 


5.41 


29 




30 


29.54 


5,3] 


29,52 


5.34 


39,50 


5.47 


29.47 


5.60 


30 




31 


30.53 


5,38 


30.51 


5?52 


30,48 


Us 


30.46 


3.78 


31 




33 


31.51 


5,56 


31.49 


5.69 


31.46 


5.83 


31.44 


5.97 


32 




33 


32.50 


5,73 


32.47 


5.87 


32.45 


6.01 


32.42 


6.16 


33 




34 


33.48 


5,90 


33.46 


S,05 


J3.43 


6.20 


33.40 


6.34 


34 




35 


34.47 


6.08 


J4.-1.1 


5,23 


34.41 


6.38 


34.39 


6.53 


35 




36 


35.45 


6.25 


J5.43 


5.41 


3S..40 


6.56 


35.37 


6.71 


36 




37 


36.44 


6.43 


36.41 


6.58 


36.38 


6.74 


36.35 


6,90 


37 




3S 


37.42 


6.60 


37.39 


5,75 


37.36 


6.93 


37.33 


7.09 


38 




39 


38.41 


5.77 


38.38 


5.94 


33,35 


7.11 


38.33 


7,27 


39 




40 


39.;19 


6.95 


59.36 


7.12 


39.33 


7.39 


39.30 


7-46 


40 




41 


40.3fi 


7,12 


to. 35 


730 


40.31 


7.47 


40.28 


7.65 


4T 




42 


41.36 


7.29 


il.33 


7,47 


41. .30 


7.65 


41.26 


7.83 


42 




43 


42,35 


7.47 


;2.3l 


7.65 


42.28 


7.84 


42.25 


8.02 


43 




44 


43,33 


7.64 


43,30 


7.83 


13.26 


8.02 


43,23 


8.21 


44 




45 


44.33 


7.81 


44.38 


8 01 


44,25 


8.20 


44.21 


8.39 


45 




46 


45-30 


7.99 


15.27 


8.19 


15.23 


8.38 


45.19 


8.58 


46 




47 


46.29 


8.16 


45.25 


8.36 


16.21 


8.57 


46.18 


8.77 


47 




48 


47,37 


8.34 


17.33 


S.54 


47.20 


8.73 


47.16 


8.95 


48 




49 


48.26 


8.51 


48,23 


8.73 


48,18 


8.93 


48.14 


9.14 


49 




50 

i 


49.34 


8.68 


49,30 


8.90 


t9.l6 


9.1! 


49.13 


9.33 


50 

i 




TJ^ 


UT 


Uio. 


n^ 


L)ci>. 


Lat. 


Dec. 


L^ 




SO* 


0' 


79" 


45' 


79" 


30' 


79" 


15' 



68 . SU^ySYING. 

The Area against Uie 13th Course is Ihe Tra] 
t>AN5, part witUiii and part without the F 

The Area against the 1st Course is the Trapezoid 
6AB7, p;irt within and part without the Field. This 
is a North Area and to be uhiniately subtracted from 
tlie South Areas ; but this inckides a part of the pre- 
ceding SouUi Area, viz. the space nAso ; it will how- 
ever be seen hereafter that this same space is included 
in another South Area. This Noith Area contains 
alsoa part of the first North Ai-ea, vizAhe space 6no7 [ 
but the same space is also included iii another South 
Area. 

The Area against the 2d Courses is also aNorth Area, 
and is the Trapezoid 7BC8. This Trapezoid con. 
tains the space sBCx, without the Field ; the space 
osxw, widiin the Field ; and the space 7ow8, witlwill 
the Field. But the space osxw will be contained in the 
next South Area ; and the space 7ow8, which was 
contained in the two first North Areas, will be contain- 
ed in the nest South Area. 

By examining the whole Figure, in tliis manner, it 
will be seen that the North Areas contain all without 
the Field that is taken into the Calculation, and some 
of it twice over ; they also contain part of the Area 
within the Field. Ttic South Areas contain all within 
the Field, and all without the Field that is contained 
in the North Areas. They also conUiin, twice over, 
so much of the Field as is included in any of the Nortih 
Areas ; and likewise, twice over, that part without the 
Field which is contained twice in the North Areas. So 
that subtracting tne North from the Soutli Areas leaves 
double the Area of the Field. 

This method of calculating the Area of a Field by the 
Northings, Southings, Eastings and Westings, divides 
the Field, with a certain quantity of the adjoining 
ground, into Right Angled Triangles, Right Angled 
Trapezoids, Parallelograms, or Squares, as may be se«i 
by the Figures, It may therefore with propriety {jg 
called Rectangular SuavEviNc. 
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H| A Useful Problem. 

V To find the true Area of a Field which has been mea' 
sured by a Chain too long or too short. 

Calculatethe Area as if the Chain was of a true 
length, then institute the following Proportion : 
As the Square of the length of the true Chain ; 
Is to the Area, as found by the Chain made use of ; 
So is the Square of the length of tjiat Chain ; 
To the true Area of the Field. 
Example. 
Suppose a Field, measured by a Two Rod Chin 3 
Inches too long, isfoujid to contain 4X Acres 1 Rood 
and 33 Rods, what is the true Area ? 

As the Square of 33 Feet, the true length of a Two 
Rod Chain ; Is to 41 Acres 1 Rood and 33 Rods ; So 
is the Square of 33 Feet 3 Inches,- the length of the 
Chain used in the Survey ; To 42 Acres and 13 Rods. 
33 Feet=396 Inches. 396x396=156816 Square In- 
ches. 

41 Acres 1 Rood 35 Rods=6633 Rods. 
33 Feet 3 Inches=399 Inches. 399x399=159201 
Iquare Inches. 

f 159201x6633-i-156316=6733 Rods. 
...6733-^160=42 Acres 13 Rods, the true Area. 



PART II. 

Laying out Land. 

. PROBLEM I. To lay out any number of Acres in 
^'^Jhnn of a Square. ' 

' Annex 5 Cyphers to the number of Acres, %vhich 
nil turn them iiito Square Links, the Square Root of 
3iich will be the Side of the Square in Links, 
f Example. It is required to lay out 810 Acres in the 
Km of a Square. 

I Answer. Each Side of the Square must be 9000 
nks, or 90 Chains. 




SURVEYING. 

PROBLEM II. To lay out any number ofAcrei 
ihe farm of a Parallelogram, -whereof one Side is gh 

Divide the number of Acres, when turned i 
Square Links, by the given Side ; the Quotient wUI^ 
the Side required. 

Example. What must be the longest side i 
Parallelogram, which is to contain 25 Acres, whenf 
shortest side is 5 Chains and 50 Links ? 

Answer. 2500000-^550=4545 Links for the 
est Side. 

PROBLEM lir. To lay out any number of Acrt 
a Field, 3, 4,5, 6, tJ"*:. times as long as it is broa^ 

Divide the Acres, when turned into Square Ljri 
by the proportion between the lengtii and breadth ; 4 
Square Root of the Quotient will be the shortest : 

Example. It is required to lay out 100 Acri 
times as long as it is broad. 

Answer, 10000000-i- 5=2000000 the Square '. 
of which is 1414 Links for the shortest Side, and i 
longest will be 7070 Links. 

PROBLEM IV. To make a Triangle which shall 
eontain a given number of Acres, being confined to a cer- 
tain Base. 

Double the given number of Acres, to which annex 
5 Cyphers, and divide by the Base ; the Quotient will 
be the Perpendicular in Links. 

Example. Upon a Base of 40 Chains to layout 100 
Acres in a Triangular from. 

Answer. 5000 Links or 50 Chains will be the length 
of the Perpendicular. 

The Perpendicular may be erected from any part of 
the Base; Thus, the Triangle ABC. See Plate II. 
Fig. 55. is the same as ABE, each containg 100 
Acres. 

When the given Base is so situated that a Perpen- 
dicular of sufficient lengtli cannot be erected therefrom, 
continue the Base as from B to D. Fig. 56. from which 
erect the Perpendicular DC, and complete the Triangle 
ABC, which will contain 100 Acres. « 
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Find the Bearing and Distance of CI by Rig Jit Ak- 
©LED Trigonometry,, Case IV- as follows: 

. As CK, the Southing of CI, 109 - - 2.03743 

: Radius - - - - - - 10.00000 

i : KI, the Westing of CI, 7 1 .r • - - 1 .85552 

i 1.85552 
2.03743 



: Tafigeiit Course S. SS** 20' W. - - 9.8 1809 



As Sine Course 33» 20' * . . . 9*73997 
Departure KI 71.7 - - - 1.85552 

: : Radius - * . - - 10.00000 



11.85552 
9.73997 



J Distance IC l50 . - . 2.1U;55 



JVote, In this way the CoUrsie atid Distance may be found from 
one Angle of a Field to another. 

Having found the Line CI divide 3470^ the num- 
ber of Rods to be contained in the Triangle ICN, by- 
one half the Line CI, viz. 65, the Quotient will be 
the length of the Perpendicular PN, inz. 53.4. 

Now, by the Bearings of CI and CD it appears that 
they form an Angle of 60° 2C^ ; wherefore in the Tri- 
angle CPN are given the side PN 53.4 and the Angle 
at C 60* 20', to find the Hypothenuse CN. 

As Sine PCN 60' 20' 9.93898 

: Side PN 53.4 - 1.72754 

: : Radius - . 10.00000 



11.72754 
9.93898 



: Hyp. CN 61.5 1.78856 

Thus the dividing Line must go from I to a Point 
on the Line CD, which is 61.5 Rods fmm C. The 
Bearing and Distance of this Line may be found by the 
directions given above for finding the Bearing and Dis- 
tance of the Line CI. Or, they may be found by Ob- 
lique Trigonometry Case III. 
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Another method (iffmd'aig the Distance CJ\'. 
Having ascertained the Latitude and Departure of 
the Line CI, set them down in a Traverse Table ; find 
the Latitude and Departure of the Line CD, and place 
them in the Table ; the Difference lienveen the North- 
ing of the Line IC and the Southing of the Line CD 
will be the Southing of the Line Dl. viz. 6.6 ; and 
the Sum of the Eastings of those Lines, as they are 
both Easterly will be the Westing of the Line DI, viz. 
123.9. Proceed to calculate the Area of the Triangle 
ICD, which will be found to be 6522 Rods, nearest. 

.A'ojc, As in ihis Triangle two Sides and their contained Angle 
are given, the ArcLt tna^ be (uund by Pbdb. IX. SuU 4. 

Having found the Area of "l^is Triangle, proceed to 
find ON according to Pros. II. Page 71, as follows : 

As the Area of the Triangle ; Is to CD the Base; 
So is the quantity to be contained in the Triangle ICN ; 
To CN its proportion of the Base, , ^^ 

As 6522 : 115 : : 3470 : 61.2 ^| 



A third method of finding the Distance CJVi 
To the Logarithm of double the Area to be contain- 
ed within the Triangle ICN add Radius ; from this 
Sum subtract the Logarithmic Sine of the angle at C j 
and from the Remainder subtract the Logarithm of the 
Side IC ; the last Remainder will be the Logarithm of 
the Side CN. 

The double Area of the Triangle ICN is 6940 ; the 
Angle at C is 60" 20^ ; the Side IC is 130. 

Double Area 6940 - 3.84136 
Radius - - 10.00000 



Sine ICN 60" iOf 


13.84136 
9.93898 


Side IC 130 


3.90238 
2.11394 


Side CN 61.5 


1.78844 



» 
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CONCLUDING REMARKS. 

Otiier methods of surveying Fields are taught by 
some authors on this Subject, The preceding, how- 
ever, will be found most useful in actual practice. 
Other instruments besides those mentioned in this 
Book are also sometimes used ; such as the Phiiu Ta- 
ble, Semicircle, Perambulator, Theodolite, Sec. But 
of tliese instruments very Utile use is made in New- 
England ; and they are not often to be met with. For 
general practice none will be found more useful than a 
common Chain, and a Compass upon Rittenhousc's 
construction. A Surveyor should also provide him- 
self with an Offset Staff, ten Links in iengdi, and accu- 
rately divided into Links. This should be made of 
firm, hard wood, and will be found very convenient in 
taking Offsets, and also in measuring the Chain ; 
which should be often done, as from a variety of causes 
a Chain is liable to become inaccurate. 

It will be observed that in this Work there are no 
descriptions of Mathematical and Survejing mstru- 
nicnts. The Compiler omitted such descriptions from- 
a belief that nothing which can be written on the Sub- 
ject will enable a person to understand them without 
an actual inspection of the instruments themselves, and 
some instruction from those acquainted with them. 

The general principles here taught may be applied 
to the surveying of Townships, Roads, Rivers, H an- 
bors, &.C, '^~ 
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Ofi.'ie V.I SI AT ion of the Cohpass andJrvKAcrtow of ihe T^eeule. 

THE Variation of the Compass is the numher of Degrees that 
the Magnetic Needle pointafrom the true North, either East 
or West. This differs in different places, and in the same place 
at different times- It is, at present, in Connecticut, a few degrees 
to the Westward. That is, the Needle points to the Westward 
of North and is gradually approaching the true North. 

The fallowing method of ascertaining the Variation, by the 
Novtii Star, has been adopted by many Surveyors, as the most eli- 
gible to be practised on Land. It was communicated to the Com- 
piler by Moses Warren, jun. Esq. of Lvue, an experienced 
Surveyor, with permission to publish it. 

The Star commonly called the North Star, is not directly 
North but revolves round the Pole in a small circle, once in 24 
hours. It cannot therefore be due North but twice in that peri- 
od J and that is within a very few minutes of the lime when a Star, 
called Miaih, in the Constellation of Ursa Major, or the Great 
Bear, is directly over or under it. There is also another Star 
nearly in an opposite direction from tlie Pole, called Gamma, in 
the Constellation of Cassiopeia. When these three Stars are ver- 
tical the North Star is very near the Meridian ; and when they are 
tiorizontal, it is at its greatest Elongation, that is, at its greatest 
distance east or West of the Pole, and on the same side as the 
Star in Cassiopeia. The Variation may be calculated when the 
Star is on the Meridian, or when at lis greatest Elongaiion ; more 
accurately, however, at the latter period, I]ec:jusc iLs motion being 
then nearly vertical for some lime gives the observer a belter op- 
portunity to complete his observation.' 

• The following Figure exhibits a ^iew of the rclatiTe situation of these 
Stars as iliey appear, when in a hcrizoiitai pcbidon : cr when the NorUi 
Star is in its greatest Eastern Eloiigation. 
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Tf find the Elongation of ihia Star in any Latitude) its I 
lion must be known ; thitt ia, its dislanct; Kortli of the Eqili 
This being foutic!, inslitule the Tollowing Proportion : 

As Oo'Sine of the Latitude ; Is to Radius ; Ho is Co>S 
the Declination ; to Sine of the Elongation. 

From a Table in Dluui'sPiacticul Navigator it appea-s 
Declination of the Noith Star, January I, 1800, vim 88° 
and incrcBsing'st tlie rate of 19. G9 Seconds annually, 
queiitly. Junuaiy 1, 1805. tlie Declination will he 8B" 16' 1 
Ihc Co-DLfiinaiion or Polar distance will be I' 43' iO". 

According to Ihe above Pi-oponion, the Elongation, J^nul 
1805. in Lal.41» 30' will be 2° !&" J9", and in Lat. W" J 
8» 19' 41". 

The following Table shows the Elongation in several diCTennt 
Latitudes for five years successively. It is calculated for the first 
of January in each year ; and in using it, if the time when the 
Elongation is required, be pusi the middle of the year, take it Sx 
tht beginning ot the next year. 

vf Table shoving Ihe Elongation of the JVorth Star. 



LfdU.Kl. 


1UU5 1 iBoe 


ibor. 


1*08. 1 l;,u9 


i^' 30' 


2' U'Sl-'iOli' 10' 


;' 13' 44' 


2" 13' I9''2'' 12' 33' 


40 


: 


13 34 [a is 8 


2 U 43 


2 14 17 Is i3 52 


40 30 


2 


16 34 k 16 8 


2 IS 42 


2 15 17 J It SI 


41 


2 ir 36 b 17 10 


I 16 44 


2 16 18 j3 15 S3 


41 30 


2 


18 33 b 18 13 


2 \7 47 


3 17 20 3 16 34 


42 


^ 


19 44 b 19 1)J 


2 18 SI 


2 18 as J2 >T 38 


42 30 


2 20 51 


2 ■20 24 


2 19 58 


2 19 31 [2 19 5 


" 


2 


22 


J 31 33 


■2 2i 6 


2 30 40 


2 20 is] 


143 30 2 


23 10 {3 22 43 


2 S3 16 


2 31 49 


2 21 22 1 



The Elongation for the Latitude of the observation being calcw 
lated, or taken from the above Table, proceed to find its range, aC' 
cording to the following directions : 

Take a pole ! 8 or 20 feel in length ; to the end of it fasten fl 
small line ; raise it to an elevation of 45° or 50* : and support it 
by two cratches of a suitable height to keep it firm in its place. 
At the end of the line, near the gi'ound, fasten a weight of half t 
pound or more, which should swing in water to prevent the air 
IVom moving the line. Southward of the line, fix a Compasa 
ugtii.oroihcr piece of metal or wood, with a narrowjpeiiiendic- 
' ■ aperture at a convenient height from the ground, say about S 
I I>2 feet ; and let it be so filled that it can be moved a small 



TRAVERSE TABLE. 
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5 


j 30" <y 


20" Is' 


20" 30' 


30" 45' 








Lm. 


1 -ip 




L-ep 
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i 0.94 


0,34 




0.35 


1^94 


0,35 


94 


0,35 


1 






2 1.88 


O.fifi 


1.88 


0.69 


1.87 


0.7C 


1,87 


0.71 


2 






3 2.82 


i.03 


2.81 


1.04 


3.8 


1.05 


2.81 


1.06 


3 






■1 3.76 


1.37 


3.75 


1.38 


3.75 


IM_ 


3.74 


1.42 


4 






5 4.ro 


1.71 


4.69 


1.73 


4,68 


1,75 


4.68 


1,77 


5 






6 5,64 


2.0: 


5.63 


3,08 


5-62 


2.10 


5.61 


2.13 


6 






r 6.5« 


2,39 


6.57 


2.42 


6.56 


2.45 


6.55 


2,4S 


7 
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7.52 


2.74 


7.5 


2,77 


7.49 


2.8C 


7.48 


3,83 


8 









8.46 


3,0S 


8.44 


3. IS 


8,43 


3.1s 


8.43 


3.19 
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10 


9.40 


3.4V 


9.38 


3,46 


9,37 


3.5( 


9,35 


3.54 
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1 


10.34 


3.76 


10 32 


3.81 


10,30 


3.85 


IU.29 


3.90 


11 






13 


1 1.28 


4,10 


11.26 


4.15 


J 1.24 


4,20 


11,22 


4.25 


12 






13 


12.23 


4,45 


12.20 


4.50 


12. le 


4.55 


12.16 


4.61 


13 






14 


13.16 


4.79 


13.13 


4.85 


13,11 


4.90 


13.09 


4 96 


U 




15 


14.10 


5.13 


14.07 


5.19 


14.05 


5.25 


14.03 


5,31 


15 

le 






16 


15.04 


5,47 


15,01 


5.54 


14.99 


5.6(. 


14,96 


5,67 






ir 


15.97 


5,81 


15.95 


5,88 


15.92 


5.95 


15.90 


6,02 


ir 






18 


16.91 


6.16 


16,89 


6.23 


16.86 


6.3C 


16.83 


6,38 


18 






19 


17.8,^ 


6.50 


17,83 


6.58 


17.80 


6.65 


17.77 


6.73 


19 




20 
3~ 


18.7y 


6.84 


18,76 


6.92 


18.73 


7,0C 


18.70 


7,09 
7,44 


20 
2l 






19.73 


7,18 


19.70 


7.27 


19.67 


7.35 


19.64 






22 


20.67 


7.52 


20,64 


7.61 


20.61 


7,70 


!0,57 


7.79 


22 






23 


21.61 


7.87 


31.58 


7.96 


n.54 


8.05 


21.51 


8,15 


23 






24 


22.55 


8.21 


22.52 


8.31 


22,48 


8,41 


22,44 


8,50 


24 






25 


23.49 


8,55 


23.45 


8.65 


23.43 


8.76 


23.38 


8.86 


25 






36 


24.43 


8,89 


24,39 


9,00 


24,33 


9.11 


!4 3! 


9,21 


26 






27 


25.37 


9.23 


25.33 


9.35 


35,29 


9.46 


35,25 


9.57 


27 




, 


28 


26.31 


9.58 


26.27 


9,69 


16.23 


9.81 


26,18 


9,92 


28 




. 


29 


27.25 


9.92 


27,2] 


10.04 


37.16 


10.16 


27.12 


10.27 


33 
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30 


28.19 


10.26 


28.15 


10.38 


38.10 
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38.05 


10.63 


30 
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29.08 


10,73 


29.04 
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10,98 


31 
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30.02 


11.08 


29*9? 


11.21 


29.92 


11,34 


3% 
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11.29 


30,96 


11.42 


30.91 


11.56 


30.86 


11.69 


33 






34 


31.95 


11.63 


31.90 


11.77 


31.85 


11.91 


31.79 


12.05 


34 






35 


32.89 


1197 


32.84 


12.11 


32.78 


12.26 


32,73 


12.40 


35 






36 


3343 


12.31 


33.77 


12.46 


33.72 


12.61 


33.67 


13,75 


36 






37 


34.77 


12.65 


34.71 


la.ai 


34,66 


12.96 


34.60 


13,11 


37 






38 


35.71 


13.00 


35.65 


13.15 


35.59 


13.31 


!5 54 


13.46 


38 






39 


36.65 


3,34 


36.59 


13.50 


36.53 


13.66 


36.47 


13,82 


39 


% 




40 


37.59 


3,68 


37.S3 


13.84 


37.47 


14.01 


37.4! 


14.17 


40 


' 




























41 


38.53 


4.02 


38,47 


14.19 


38,40 


14.36 


38.34 


14.53 


41 






42 


39.47 


4.36 


39.40 


14.54 


39,34 


14.71 


39,28 


14,88 


(2 






13 


40.41 


4.71 


40.34 


14,88 


40.28 


15.06 


10.21 


15,23 


*3 






44 


41,35 


5-05 


41.28 


15.23 


41,31 


15.41 


41,15 


5,59 


14 






4J 


42.29 


5.39 


42.22 


15.58 


42,15 


15.76 


42,08 


5,94 


■5 






IE 


43.23 


5,-3 


43,16 


5,92 


43,09 


16.11 


43.03 


6.30 


16 






■J7 


U17 


6.07 


44.09 


6.27 


44.02 


16,46 


43.95 


6,65 


(7 






48 


15.11 


6.42 


45.03 


6.61 


44.96 


16.81 U,89 


7,01 


8 






49 


46.04 


6.76 


45.97 


6 96 


15,90 


17,16 15.82 


7.36 


•3 




50 


46.9S 17-10 


46.91 


7.31 


46,83 


17,51 16,76 


7.71 
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Utp. L«t. 


Uei). 


J.,w. Ue].. 1 l,i,t, fu^- 1 


TST 


i 

5 




5 


70" 0' 


69= 45' 1 69° 30' 1 69" 15' 1 




^ Rulf to Jind thf difference belviten the /ircseiit furiuHon ^si 
CumfiUM, and that ac a time vuhen a Ti-aet •was Jbrtnerly turveye^, ' 






r run out the original Unet. 



Go toanjr partorihepremiBes where any two adjacent coroen 
tire known ; and, if one can be seen from the otiier. take their 
bearing ; whicli, compared with that of the same line 
former siirvey. shows the differL-nce. But if one corner cannot , 
be seen from the other, run the line according to the given I 
ring, and observe the nearest distance between the line i 
and the comer : then work by the following proportion. 

As the length of the whole line, 

Is to S7.j Degrees,* 

So is the said Distance, 

To the difi'ervnce of Variation required. 



in the 
cannot 
n bgJ 

1 

I 



Suppose it be required to run a line wliicli, some years ago 
bore N. 43*. E. distance 20 Chains, and in runninij this line by 
the given bearing, the corner is found 20 Links to the left ' 
what is the present bearing of this line f 
Ch. Deg. L. 

As 20 : 57.3 



100 



20 



3000 1146.0 



2000)63760(34 Minutes. 
Answer 34 Minutes to the left hand is the allowanca r 
and the line in question bears N. 44*. 3G' E. 



MATHEMATICAL TABLES. 

VIZ. 

I. A Traverse Tabiey or Table of Difference of Latitude ami 
• Defiarture, 

II. A Table of Mitural Sinea. 

III. A Table of Logarithms for Mumbera. 

IV. A Table of Logarichmic or Artificial Sine»y Tangents and 
Secants, 



I. A Traverse TabiiLe, or Table of Difference of Lat- 
itude AND Departure, calculated for Degrees and Quarters of 
Degrees, and for any Distance up to 50 Rods, Chains, &c ; by 
Ti^hich the Northings and Southings, Eastings and Westings madd 
in a Survey may be found. 

M>te. Northings and Southings are called Difference of Lati- 
tude, or simply Latitude ; Eastings and Westings are called 
Departure, Meridian Distance, or Longitude. 

Explanation of the Table. 

To find the Latitude and Defiarture^ or Xorthingy &c. for any 
Course and Distance. 

If the Course be less than 45*, look for it ||t the Top, but if more 
than 45®, at the Bottom of the Page ; and look for the Distance 
in the Right or Left hand Column : Against the Distance, and 
directly under or over the Course, stand the Northing, Sec. ii^ 
whole Numbers and Decimals. 

If the Course be less than 45®, the Northing or Southing will be 
^eater than the Easting or Westing ; but if more than 45*>, the 
Hasting or Westing will be the greatest. 

L 



ll4^-. 



TRAVERSE TABLE. ^^ 

When the Distance tsccetia 50, diviile U by 2, 3, or 4, lliat l^ 
lake one Imlf, one ihiiilgOi* ore fourth uF it, anil mulliply the Lati- 
tude and DejiMrMfc by ibc number by which the Distance was 
divided : Or, take any two or more numbers which added tosjether 
will equal the Dislaiicc, and find tht Latitude and Dejiarture for 
each of those utimbcri ; add the several Latitudes together and' 
llie sum will be the whole Laiitude ; and so for the Departure. 
Andwhcn thcDistunceisin Chains and I'.inks, or Whole Niimben 
and Decimals, find the Latitude, Sec. for the Chains or whole 
Numbers, and then for the Links or Decimals, remembering to 
remove the Decirnul Point in the TabJe further to the Lcft|i>j| 
•Qi'diiisjto tlic ijiveti DfiJotiJ. 



1. Rciinred tin: LaliiiuU ami D'/inrlurr/^r 45 Rottn, on 

A". 15" IS' n. 

Under 15*" 15' and against 45 is 43.42 forthe Kort 
1 Le4 for the Westing. 

2. Rcguireil the Latilutlc and Dtfioftitrt Jbr 120' RoA 
Course S. SS" 30' E, 

Take one third of 120 which is 40; against this nuniberrW 
68° 30' is 20,90 for the Lntitudc and 34.1 1 for the Departure. 
These multiplied by 3 give 62.70 for the Southing aind 102,33 for 
the Easting. 

3. Required the Lalilude and De/iarlure for 37.36 Roda or 38 
Chaina-aiid 36 Unki, on -i Courte JV. 36" 45' £. 




For 



La!. 



3S.04 



Dep. l&e.'^ 



Northing ."iS-Se Easting ICSl 



J 



Mie. When Ihe Minutes arc not 15, 30 or 45, the ITorlW 
£«;. must Ife cali^lutcd by Natural Sines, or by TrigonoroSH 
try. 

A'ofe in (Ac second Ediiion. Tlie Traverse Table, as publish- 
ed in the first Edition of this work \vfis copied from a Table in 
Gibson. The Compiler, finding that to be incoiTecl in several 
lilaces, has calculated the whole anew ; and it is presumed it wift 
be found lo be correct as published in this Ediliou. 
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0.58 
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0.30 
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0.39 
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0.41 
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3.63 


1.71 
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3.11 


4.52 
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4.51 
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4.50 


3.17 


5 




6 


5.14 
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3.56 
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NATURAL SINIiS. 

II. A Tablk of JVaIVbal StSES, cakulaied lojiae/ilacf t^/g' 
iirfi,/ar every Minitlc, 

Natuh/u. Sinks are Dcuimah bearing the same propordon to 
Unity or 1 that tlie Sine of the corresponding numbei- of Degrees 
«nd Minatcs bears lo RailiitB or Sine of 90*. That U, 1 is 
aasumed as the Nut. Sine of 90*, end tbe Table calculated accord- 
ingly. 

Ex/i!analioi qf the Tahlf. 

Tojind the JValural Sine ^ any number o/ Dtgreet and Minuiet. 
If the Degrees be leas than 45, look for them at the Top of tbe 
Columns, and for the Minutes at the left hand ; but if more than 
45, look for Ihem nt the Hntlotn, and for the Minutes at the Right 
hand ; under or over the Degrees and against tlie Minutes will be 
the Natural Sine required. 

e of this will mve the Degrees and Minutes corres- 
ponding to any Natural Sine. 

Xote. As the size of the Type on which this Table is printed ' 

did not ailmil of pulling 6Ci Minutes on a page, it will be ob- 1 

served that some of the Degrees begin at llic Top and some 

below the Top of the page ; and the Minutes are pisced ac- 

,^ cordingly. 

b calculate the J^orlMng or Southing, !cc. Jbr any Courte md 
Itiatanee, by JVat.' Sinet. 

Find the Nat. Sine and Co-Sinc of the Course, and into each rf 
these multiply the Distance ; the Products will be the 
and Departure required. 
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LOGARITHMS. 14$ 

III. J Table o/Locasi^hms for JSTumbers ; and 

IV. ji Table of Locarj^Thmic or ARtiFiciAL SisE&yTANGEsrs 
^ncl Secants, 

Exfilanation of the Table of Logarithms for Kumber 9, 
Logarithms are Numbers in Arithmetical Progression, cor* 
responding to other Numbers in Geometrical Proportion. As, 

0. 1. 2.. 3. 4. Logarithms. 

1. 10. 100. 1000. 10000. Numbers. 
The Logarithm for any Number less than 10 is a certain num- 
ber of Decimals ; for any number between 10 and 100 it is I 
"with Decimals ; for any Number between 100 and 1000 it is 2 
with IJecimalS) &c. The whole Number in Logarithms, or the 
Number which stands at the Left hand of the Decimal Point is 
called the Index ; and is always a Unit less than the places of 
figures lit the whole Number for which it is theLogarilhni : Thus, 

The Log. of 6543 - is - 3.81578 

654.3 - - 2.81578 
65.43 - - 1.81578 
6.543 - - 0.81578 
The Log. of a Decimal Fraction is the same as that of an Inte- 
ger, only the Index is negative ; and is distinguished from an ab- 
solute one by placing a Point or a negative Sign before it : Thus, 
TheLog. of 0.6543 - is - .9.81578 or — 1.81578 

0.06543 - - .8.81578 or— 2.81578 
ly the following Table the Log. of any Number, containing 
three places of figures, whether whole Numbers, mixed Numbers 
or Decimals, may be found true at once. 

Look for the two first figures in the Left or Right hand Column, 
marked No. and for the: third figure on the Top of the Page ; 
against the two first figures and under the third will be the I-.oga- 
riihm. 

Examples. 

Required the Logariihm for 546 

Look for 34- in the Column marked No.. and for 6 on the Top of 

the Page, under which and against 34 you find 53908 to which 

prefix 2 for the Index, because the Number consists of three 

places of figures 

In the same way the Log. for 28.3 will be found to be 1.45 179 
And the L.og. for 3.23 to be 0.50920 

To find the A'uihber corresjionding to any Logarithm, 
. Look in the Table till you find the given Log. without regard- 
ing the Index ; the Number standing ag;iinst it in the Column 
marked No. together with the figure c/n the Top, form the corres- 
jx)nding Number ; whether whole, mixed or Decimals, will be 
determined by the Index. If you cannot find the exact Log. take 
the nearest to it. 

If the Log. of any Number between 10 and 100, with two 
plac;"^ of Decimals, be i-equired, take the nearest numberof tenths, 
-which will be sufficient^ exact for common practice. But, if 
great accuracy be desire^, work by Natural Sines, in the manner 
pointed out in Trigonometry, and in the Introductiou to the Tabic 
of Natural Sines. Or, 

7%ff Log. of any Number coMhung more than three fdaces qf 
Jitfurea^ may be found by the Tm^i^itthiB Book^ a% foUowa : 

J ind the Log. of the three fir«t 'l^res txs h<ilo\^ Vikw^x \ ^x&r 
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tract that from the next greater Lo)-, contained in the TaUe 
Xiply the dilTerence by the remaining figure or figures in ihe gira 
Number, and from the Pi-oduct cut off bs many figures from the 
Right hand as remain in the given Number ; add the figure « 
figures stunding at the Left hand to the Log. of ibe three 6rs» 
figures, and tlic Sum will be the Log. required, lo which pre&X 
(he proper Index. 

I. Heqtured ihe Logariihm <if 7634 

Log. of 763 - - .88232 

763 - . .88195 

Difference - • - 57 

Remaining figure - 4 



I^g. of 763 - 83195 
Required Log. 5,882(7 



Mte. Till* i«alao the Log. of 762,4 or 76.24, 8{c. varying tbe 

Index nccordiiig lo tlie preceding directions. 
S. Keqvirtdthe Logarithm a/ 54l,2i 

Log. of S42 - ■ - .73400 
541 - • .73320 



Difference 
» Log. ors41 - - 


■ ■ 80 

Numb. 35 

400 

160 

20.0U 

.73320 






licquired Log. - 


3.73340 






njfnd thr nrarem A'umber cor 


ei/wnding to 


any 


Lusatitl 



J 



moTt than thrrt filacca of Jigur 

Find the Lo^. next less than the given one, and take the difrer< 
tnce between that and the given one ; also take the difference be- 
tween the next greater and Ihenext less Log. tlian the given one ; 
(Udde the former difference by the latter, accoi-dlng to the Rule 
in Divlionof Decimals; add the Quotient to the number an- 
iwering to the Log. next less than the given one, and you wiil 
hnve llic required Number ; whether a whole or a mixed Nuntbef 
will be determined by the Index. 

ExAUPLBa. 
I. Hfi/uircd the MimbeTtQ l/ic Lagarilhm 3.8SSIS 
Civi-n Log- - .88218 Next greater Log. • .88351 
Next less - .3819$ Nextless SSIJtd 



Difference 



Ditfere 

57)33,0(4 




THM: W 







^ J*' ■ 



9l£fc:K&. 



21 



TTE^i 






Kin lifc -M ~ — - z" ifc- '—^■■^*' •"■•*• 









iiitri ^ s;L,ir:"svN\\^ 




ed to the Lcy^. of the lesser original 
of the Sum or Difference nrquircU. 



f^theTARLKi^ l.oc-\Riraxxtor AstirictiL St»s.a,TA)iaBvitS 
and SzeAsts. 

Tojind the I.ogari'/imic Sine, he/or any numier nf Drgre 
Mintil'y, vntluu the C'lm/iatt nf the Table. 

If the Degrees Ire less than 4S, look lor them »t llie lop of ihe 
Colmnn«ianil umlt-r Sine, Tangent or Secani, whicliever is warn- 
ed, and Ibr the MiiniltMil tlic left Immi ; Imlifmore tlian45, 
look for the Uc^mes at the Ikiltnrn over Sine. Gk. and for the 
MtiiiitcsBt the llighi hand: iindtr or over the Degrees and 
Hgoinst the Miniiics will he the required Lok- Sine, 8cc. 

Tufindtkr Drgreesand Mriiutrl corrcufimaiing lr> a giveu Z,aga- 
rithrnie Stnr, tec. 

Look in the j;i ->per Column for the neiirest Log. to the given 
one ; and the <It:t,'rGc% ami Minutes standing aver or tinder sitd 
ttgninslit. arc those reiiuii'ctl. 

JiUe, Whfii the Log. Sine, Ecc. for more than 00' is required, 
siiblraci the .Ljtvcn number of Degrees from ISO" and make 
tiscof the Rcmiiinder. 

It will be observed that this Tuhle is calculated only for erery S 
Minutes. This was thought suETicient for Surveyors, as few Com* 
passes will take a Course to greater exactness. If hoi _ 
Question is lo be solved wliere greater accuracy a reqtiiT^^ 
by iKtlural Sines. Or, 

'JTif l.'ig: •line, 8cc./or any Minulf may hefmnd aa/bltcmrT, 

Look In the Table forthc Log. of the nearest number of Mln> 
utes Kreatcr than the given one, and from this substract the next 
less Log;, contained in the Table : Then say, As 5 Minutes, Is lo 
this difference ; So is the excess of the Riven Minuics above 5, 10, 
Is, 20. 2S, &c; To a fourth number, whicbaddto the Log. of the 
Minnies next le^s than the given number, and the sum will Ire 
the huQ. required. 

EXAMPLK. 

Requlrrd ihc I.Q^firfihmie Sine of Si* \ 
Sine of Zi* 25' - - 

3-i 20 - - 



As 5 : 93 : : 3 : 55 

Sine of 34° 20' . . 9.73128 
Add ... 56 



w Com* I 



■esliundhig to agiv 




To^find tlw nearest Mnuies cc 
Sine, &c. 

LoDk in the Table, in the proper Column, for the Lor, 
less than the given one, and take the difference between that bik 
the Riven one ; also take the diflerence between the next greater 
1 less Log. than the given one ; Then say, As the lat- 
lerence ; la lo 5 Minutes ; So is the former difference i \ 
e number of Minnies lo be ndded to the Minutes of the Loff. ■ 






I less than the given one. 
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Reqtdred the Degrees and Mtnutes corresfionding to the Loga^ 
rithndc Tangent 9.73597. 

Given Log. - 9.73597 Next greater Log. - 9.73627 
Next less - 9.73476 Next less . - - - 9.73476 



i4 



Difference 121 Difference 151 



As 151 : 5 :: 121 : 4 

The^egrees and Minutes for the Log. next less than the given 
me are 28^ 30^ ^o which add 4' and it makes 28^ 34' 

JVb/tf. As after the most careful attention of the Printers, some 
figures in the Table may be wrong ; and as some; may be 
so blurred as to be illegible) let it be observed, that the Sines 
and Go-Secants, the Co-Sines and Secants, and the Tangents 
and Co-Tangents, standing against each other respecjively, 
being added together, will amount to 20.00000, if the Ta- 
bles are accurate. Thus against 28** 20' the Sine 9 67633 
^ added to the Co-Secant 10.32367 their Sum is 20.00pob ; so 
also is the Sum of the Co-Sine 9.94458 and the Secant 10. 
■05542, and likewise the sum of the Tangent 9.73175 and the 
Co-Tangent 10.26825. An erivr may consequently be eas- 
ily detected} or any defaced figure l>e supplied. 



7b calculate the Mr thing or Southings &c. Jbr any Course and 
Disiance by Logarithms, 

T}iis is done by the first Case of Right Angled Trigomom- 
KXB.T9 as follows : 

find the Log. Sine and Co-Sine of the Course ; to each of these 
add the Log. of the Distance ; subtract Radius or 10.00000 from 
their Sums, and the Remainders will be the Log. of the required 
liatitttdc and Departure. 

JVb/e. When the Angle is very small or very large, and the 
Distance short, the sum of the Log. Sine or Co-Sine and 
the Log. of the Distance may be less than'lO.OOOOO or Ra- 
diuS) which cannot therefore be subtracted. In such cases 
look for the Log. without regard to the Index, and the cor- 
responding Number will be a Decimal, the first Figure of 
which will be Tenths if the Index be 9y and Hundredths if 
\ ' the Index be 8. 

Bb 
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